
Agricultural Research Institute 

PUSA 




THE PHILIPPINE 


JOURNAL OF SCIENCE 


EDITED BY 

PAUL C. FREER, M, D., Ph. D. 

WITH THE cooperation OF 

GEORGE F. RICHMOXD, M. S,; W. D. SMITH, Ph. D. 
ALVIN J. COX, Ph. D.; GEORGE L ADAMS, D, Sc. 
RAYMOND E, BACON, Ph. D. : H. D. GIBBS, B. S. 
NELLIE LOUISE COOK, B. L., M. A. 


PUBLISHED BY 


THE BUREAU OF SCIENCE 

OF THE 

GOVERNMENT OF THE PHILIPPINE ISLANDS 

A. Chemical and Geological Sciences and 
The Industries 

Volume V 

1910 


With 31 Pjjs^tes, 43 Figures, 2 Maps, and 1 Diagrabi 



MAMSoA 

BUREAU OF FEUNITIHG 
im 




CONTENTS 


Ko. 1, January, 1910. 

I. Eichmond, Geokge F. lay abas Petroleum 1 

II. Gibbs, H. B. The Compounds vrhieii Cause the Eed Coloration 
of Aniline: I. The Effect of Oxygen and Ozone and the 
Influence of Light in the Presence of Oxygen 9 

III, HuLBtJET, Clinton H., and B.icox. E. E. A Liquid Concave 

Mirror IH 

IV. Holmes, W. C. Distilled Liquors: Whisky (Eye, Bourbon and 

Scotch), Brandy (Cognac) and Gin 23 

V. ViVENCio DEL Eosaeio, Maeiano. On the Determination of 

Aldehydes in Distilled Liquors 29 

VI. Gibbs, H. D., and Agcaoili, F. Lard from Wild and Domestic 
Philippine Hogs and the Changes in the Constants Produced 

by Feeding Copra Cake - 33 

VII. Editoeial 45 

VIIT. Eetiews 55 

m. 2, March, 1910. 

IX. Adams, Geoege I. Geological Eeconnaissauce of Southwestern 

Luzon 57 

X. Eeibling, W, 0. Concrete Construction in Manila and the 

Philippine Islands 117 

XI. Adams, Geoege I., and Pbatt, Wallace E. Philippine Pot- 

teiy - 143 

XII. Iddikgb, Josebh P. The Petrography of some Igneous Hocks 

of the Philippines - 155 

Ho. 3, May, 1910, 

XIII. Feeeb, Paul C. The Study of Manila Copal 171, 

XIV. Foxwethy, F. W. The Almaeiga Tree: AgatMs Alba (Lam.) ' 173 

XV. Hichmond, Gisoege F, Manila Copal 177 

XVI. Brooks, Benjamin T. The Destructive Distillation ' of Manila' 

XVII. Brooks, Benjamin T. , The ^ Oxidation of Manila Copal by the 

Air 219 

XVIII. Brooks, Benjamin T* The Oleoreains of Pinus ^Insukris Bndl .... 229 

' ' m ' 



IV 


rolSl TENTS. 


No. 4, July, 1910. 

\IX. liiciLMo:sD, Gkorge F. X^hilippiiie Fibers and IGbrous Sii])stum‘i‘s : 

Their Suitability for Pa]}er .Making "XVA 

XX. B-^COX, XlAYAfoxi) F. Philippine Terpenrs aaul Essential Oils, 

IV 

xxr. B.iCOX, Eaymoxd F. A Prelimiiiiiry Study of tlie EflVel of 
Tropical Sunlight on the Atmosphere, with Souk' Noies on 

■Radioactive Phononiena in the Philippines lilt) 7 

XXII. Bacon, Raymond F. A Solution of Oxalic Acdil an<l Uranium 

Salts as a Chemical Photometer li8 1 

XXITL Reviews :h)5 

No. 5, November, 1910. 

XXRh Smith, Wakren 3). The Essential Features of the Geology of 

the Philippine Islands 1 307 

XXV. Smith, Waeben D. Geologic Reconnaissance of Alindaiiao and 

Ruin: 31. Physiography 345 

XXVI. Reviews 305 

No, 6, December, 1910. 

XXVn. Reibling, W. C'., and Reypis, V. 1). Physical and Chemic^al 

Properties of Poiiland Cement , 307 

XXTin. Gibbs, H. B. The Compounds -whicdi Cause the Red Coloration 
of Aniline: II. The Effect of Sunlight in the Absence of 
Oxygen and Oxidizing Influences and ,a Comparison with the 

Behavior of Mono- and Dimethylaniline 410 

XXIX. Brooks, Benjamin T. The Natural Byes and Coloring Afattcrs 

of the Philippines 439 

XXX. Index, Title-page and Contents : 453 



THE PHILIPPINE 

Journal of Science 

A. Chemical and Geological Science 
AND THE Industries 


OL. JAXrAIiY, 1910 


Xo. 1 


TAYABAS PETROLEUM. 


By Geoege F, Eighmon^d. 

{.From the Chernical Lahoratorn, Bureau of Science. ManUa. I\ I,) 


Tlie first exaniinatioii of a specimen of enide petrolenin reported to 
have been taken from a well in Tayabas Province was made in Pebraary. 
1908, wbeii approximately 6 liters of oil were submitted by Castle 
Brotliers-Wolf and Sons of Manila. 

The folloi;\dng report^ Laborator}' Xo. 56695, was rendered l)y the 
Bureau of Science. 

REPOBT ON CRUDE PETROLEUM. 

TLe crude oil as received was especially mobile, brown in color, fluorescent and 
contained .no water or, sedintent. Its ' specific' gravity was 0.S20 at 15® C., wbicb 
is ,sbiaewi>iat :Mgber than' most American 'petroleums, but decidedly lower than 
':&rb^ean';, crude , oils., ' 

As it was so, clean and dry, ,no preliminary purification was made, bnt it was 
distilled ' directly into 'three ■ 'portions. The first fraction coming over from the 
point, at wMek the. crude oil 'begins to boil — viz, about SO® up to 150°-Hiom, prised 
35 ,to 40 per cent of the original ,oil by volume. The middle fraction was collected' 
between 150® and, 300® and amounted to from 40 tO; 45 per cent;, the residue ^ 
left in the still. above 300® measured 35 to 20 per cent. 

Bach of tlie above fractions was in turn divided Into three' portions by fractioim! 
distillation. 'Of the naphtha distillate, 50^ per cent boiled betw^een 80® and' 110®, 
and is essentially naphtha; 38 per 'ae&t' hoi'll between andT^O*^ and 'Consists 
m-ainly of ligroin and henane; ',11' '‘per cfent remained in the still afeeve IW® and' 

, was added to the burning-O'il,' distillate.. , ''V",'','"; J’ T' 'y ' 

' 'The, burning-oil distillate '3.20; 'per .tentAholdw 150®,' which' was 'retumed' 
to the benzine fraction; 00.33 :per cdnt'h^led hfiween 150® and 304** cemaists 
alpaost water-white' kerosene; ceni reamaifaed in the still above 31^®,, and 

haj^e was added to- the; r^iduumj ; 

; ’ 4^4 
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EICHMOKD. 


The residuiim contained 13.36 per cent of biiruing oil below .300^ 72.27 per 
cent lubricating oils boiling between 300° and 400°; and 14..37 per cent tlnclc 
residuuni, consisting mainly of paraffine scale and coke. ^ ^ ^ ^ 

The interesting features in connection with tbe eompo.sition of tins crude 
petroleum are the'’ high percentages of light oils and the comparatively low yield 

of heary liibricaiits. , . , . 

Tlie speciiic gravities, boiling points and percentages of tbe various trtictions 

are given in tbe following table: 


^’aphiLa disiillate below l-'O^ 
to 40 per cent. 


Crude petroleum distilled. 

Gr, 0.S2G at l-V-^ 0.) 

Burning oil distillate 150° to 
;400° G., 40 to 45 per cent. 


Residuum above oU0° C., 15 
to 20 per cent, 


Kaplnlia | Above b^F, 
per ^ 11 percent, 
'cent: sp. gr, ; 

0. 740. i 

i 

Benzine 11(F-150° 

^ per cent; sp. gr. 
0.775. 


Below 150° 
3.20 per eent. 


Above 300°. 
5.25 per cent. 


300-400° C., 
72.27 per 
cent. 


Kerosene i50°-30U°, 
W.SOper cent: .sp. 
gr. 0.824. 


Below Residue, par- 
300° C., affine coke, 

13.30 per l‘b37 per 

cent; sp, cent, 

gr. 0.870, 


(Signed) G. F. Richmond. 


la Aprilj 1009, the same sample of crude petroleum was further 
exaiiiixied upon request of the Standard Gil Company of 'New York, 
and t.l:ie loliowiiig report, Laboratory No. 68192, was rendered: 

Said to liave been collected from a well in Tayabas Province, Lnzon, 
Pfellippine' Islands. 

' ' 'ipfflcfratiee,—- Tbe cnide oil as received was especially mobile, free from water 
or sediiaeiife, s%litly brownisb, wine-red by transmitted , light, and ivith a deep 
"bltie iiioreacence wlien 'viewed by reflected light It possessed no objectionable 
odor flltfeOTgli tbe smell was strong! \ ^suggestive of light oils 

Hie amount sample at onr disposal — vi/, 250 cubic centmieters— did not 
♦toll of a c^mpiete emimnation, hence the piesence oi absence of siilplriu oi 
sattaf® of tbe bases and araoimt of solid hydrocaibons piesent have not 

The following tesU were applied with a view of detecting rny admixture of 
distni&i product.? OT residue. 

According to tbe Xew York Produce Exchange, crude oil in the Tjiiited iState.? 
shtdl, be understood to 1*6 pure, natural oil, iicitber steamed nor treated, free from 
waiter, sediment or any adnUeration, of the gravity dS'* to 48** Bailing (0.809 to 
1 ► Tne rule regarding specific gravity has since been relaxed because much 
ensde XHftroleum no^v' obtaine<l has a greater density than 4:1® Baume. 

In order it> determine whether a petroleoum is a '*pnre natural oil,” a sample 
ss sulijeeted to fractional distillation, each fraction being one-tenth of the crude oil 
hr and the densities of the several distillates are determined. A regular 

grkflation iat ihe densities of the fractions is regarded as a satisfactory indication 
■tliht the a natural product.' 


-R«4wo<^. iPetrolema and its Pj:odi^s (1^6), 2 2d edi, 631. 



T A YA1L4S PETliOLECrii. 




One liiiFiJreii eiiliic eentiioeter? or t!ie eni-Ie t, a' in 
to tlie fioove treaiuient exinbited the foilovrin^iir ifropertie'^: ; 



Firisi terirli 

Se('oni] tentli. 

- Thir<l 

Fourth tent 11. 

Filth tenth 

Sixth teiitli___ 
i Seventh tenth 


! Firirhtl') tiiTTit'lt 



f. Ti's ft-r- 



O.^Io' Hi'* 

0. St] : ;;7'' 

0- sr»5 , - 


It Avill be noted that the gradation in the densities, as indicated in the eoliitnii 
of differences, is very regular and not indicative of any admixtrire of distilled 
prodncts. 

Experbiext 2. 

Another 100 cubic centimeters of the crude oil %vas fraetioncd accca'ding to 
Engler's ^Method." 

All the details of the distillation including the exact requirements of apparatus 
as outlined, >vere closely followed. The fractions were collected at 25' C. iutervaK 
with results as follows: 


j Fraction 

, _ 

1 


H 

Total amount below inO', 


4.*... - 15h-17S 30.0 

5 : 170-2©} 7,5 

t> ' ‘JW-'JUn ' 7 . 5 

7 ' ■ji25-27»0 iKi 

S ' 25t,t~275 A 9 

iL. — - - 275-Wll f».0 


; ' Total amount i5tF-;«<FC 47.1 ; 

i =—= ===== ^ 

j 10 {total redduc alMfve St>0°’C.j by ilili'crcnce ; 1:19 j 

i , , , ,, ■. , i 

'It will thus be seen that this oil is unusual An its relatively high proportion 
of 'light oils and comparatively low percentage of , heavy lubricants, 

/ Of 89' samples of crude oil 'from different ■ parts, of- the world, tabulated by 
Tledwood/ only't^vo show ' a : higher percentage^ of light oils, viz, .one Russian .a.ii4 
one Italian oil, which contained 48.9' and' iSJ' per cent ofjight oils, respectively; 
yet'the'.o'il ‘examined is, not ’without preeedenij for tlierSumatrayoilsas',® class shdW 
a"; tery similar -composition.,. ' ' ■■■ 2 ''. , . . ' ;■ ' '' . 2 '; ; ; ^ '.. ' ; ^ ';., ;, ,' ... ^ A' ^ '. 

' ' ' , i i hj t"' ■ 'I'':' ! i-.-' 


bclJTfCS 

'Cntwriule. 


Per cent. 


l(i<>125 

325-l,"tl 


31.:i 
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RICHMOND. 


For the purposes of illustration and comparison the more clovsely ollied oils from 
other sources are tabulated with the oil in question as follows : 


Source. 

Spo* 

cflki 

Light oils 
below 

Kero- 

sene, 

Liibri- 

enting 

(5<>k<\ 

» — 

gravity. 

1 500(1 

1 50-300' '0. 

oils. 


IfURSiaii — 

0,7«0 

Prr ot, 
48.1) 

Prr 0.U 
43. U 

Vt'v v(, 

prv r/. 

Italian — 

0.7«7 

■43. i) 

40. 5 

5.5 

0.0 



0.807 

37.8 

40. 4 

b).u 

0.3 

Sumatra 

0. 77X 

37.2 

52. 0 

5.9 

1 

Do 

0,813 

30.4 

51.7 

1L2 

I 1.7 

Do 

0. 7G1) 

30.0 

45. 0 

■ 10.1 

1 0.0 

Do 

0.777 

28.0 

49. 0 

14.5 

0.0 

Tavftbas , 

0.826 

39.0 

47.1 1 

13.9 

0.0 


The oil examined has nothing in common with oils from otlier Phnii)pine 
sources examined by Redwood, or in this laboratory. It is also very unlike the 
recorded data on Burmaj Boi'neo, and Java oils, I can not explain its high 
gravity, 0.826 to 0.827, from the findings of the above tests, but tlujre is no 
indication to the undersigned that other crude oil, distilled petroleum prodimts or 
residue have been added. Its extreme clearness and freedom from water and 
sediment strongly suggest that the oil may have been subjected to sotric form 
of, clarification. 

; ^ ■ ■ (Signed) G. F, Richtonu, 

In July, 1909, Dr. George I. Adams, of the division of luhies, ihir(;au 
of Science, visited the Tayabas oil district and collected two aulhoittic 
samples of oil from the well on the Bayhay Eivor for furlhor cx'ainination. 

Sample No. 1 wa-s pumped from tlie well just as it was found, after haviu.^ 
been undisturbed for some time. ^ 

Sample No. 2 was pumped from the well the following day after it had been 
emptied in securing >Sample No. 1. 

Accordingly, sample No. 1 represents the oil after it liad lost sotno of 
Its more volatile constituents and sample No. 2 reproscriLs it it coukw 
from the oil-bearing strata. A preliminary examination of the two sam- 
ples gave the following results : , 



No. 1. 

No. 2 .' 

specific gravity of filtered oil at ific. .5 

0.845 . 

0.831, 

Initial boiling point. 

3QO 

lt£ fraction (light oils) 70 to ISO®. 

2nd', fraction' (burn'ing oils) 150 ’ fed. 30fF ' ' . ' 

27 per cent 
66.75 per cent„ 
16,25 percent 

icp 

■ 30.5 per cent. 

Residue above 300°., by difference t 

14.75 per cent 
; Toddd. 

— • ...wi '1 

AoCdb- — 


The Jugier spec* . gravity,: ,hig3ie^ ^ 

, lower pr^rfaon light oil' fiction, of smplt;No. A '.is readily 
explamed by toe twoyho^ ^v&cl.are'iautheiitic. ^ ^ Tbe' 

. ef^mxal tod phy»ed,:eo|^tto%. of-'aatopld'lfp.. ^..^ubstaptiate fU-tothen- 
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ticity of the sample of oil (Laboratory Nos. 566^)5 and 68192) originally 
examined. For this reason and also because it more nearly represents 
the fresh oil from the oil bearing vStrata, sample No. 2 was selected for 
further study. 

OIL SAMPLE NO. 2. 


Physical and chemical properties —Qolor slightly brownish, wane-red 
by transmitted light and bluish fioureseent by reflected light. It is 
particularly mobile and free from w'ater and sediment. No deposit of 
solid hych’ocarbons occurs when coaled to —15'^. The specific gravity 
is 0.8325 (39° Baume) at 15°. Flash point (Abels closed cup) 0°- 

The crude oil possesses no objectionable odor and gives negative quali- 
tative tests for sulphur. 

Fractional distillation test . — One hundred cubic centimeters of the 
crude oil measured at 15° were transferred to a distilling .flask aud 
carefully ’fractioned under the exact conditions prescribed by Engler. 

The initial boiling temperature was taken when tlie fii'st drop of 
distillate fell from a 75-centimeter condensing tube of 75° inclination. 
The average results of duplicate distillations are given : 


Initial boiling point 
Gasoline fraction 91° to 150° 
Kerosene fraction 150° to 300° 
Resicliiim above 300° by difference 


Specific gravity 
at 15° 

01 °. 

30 per cent 0.770 

44.5 per cent 0.850 

16.5 percent. 


UNSATURATED HYDIlO CARBONS. 

The unsaturated hydrocarbons present in the crude oil and the gasoline 
and kerosene fractions were determined as follows : 

Twenty-five cubic centimeters of oil measured at inom temperature 
w^re transferred to a lOD cubic centimeter, graduated glass-stoppered cylin- 
der, 25 cubic centimeters of sulphuric acid (specific gravity 1.84) were 
added and the mixture shaken until no more reduction in the oil volume 
was observed. The volume of oil absorbed by the sulphuric acid was 
taken to represent unsaturated hydrocarbons. Under the conditions of 
the test the crude oil, the gasoline and kerosene fractions contained 30, 
16 and 24 per cent of unsaturated hydxocairbons, respectively. 

' ■ NATpRB'br* THR UNSATUEATBU HYOl^OAEBONS.; h ^ 

One liter of tfie crude oil was shaken for eight houiB with 0.5 liter 
of a mixture consisting of 1.5 volumes of sulphuric acid (specific gravity 
1.84) , and 1 volume of fuming Sulphuric ijacid (50 per cent 80,0* Under 
'These conditions 700 cubic leaving 300 
cubic centimeters, or 30 per cept 
, 'Mid. 
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RICHMOND. 


The acid layer^ for the separation of tlie aroitiatic from the, othm- 
uiisatiirated hydrocarbons,, '«ivas largely diluted with, waici', caknuni aw- 
bonate added to slight excess, and the brown solution of (uiKauni suh 
phonates separated ITorn the precipitated calcium Hul[)liai(‘ by lillralicui 
^and evaporated to dryness on a steam batli. 

Aii attempt to recover the benzene boniologues by steam distillai ion 
of the sulphonic acid salts in the presence of phosphoric!, acad, alone ’ was 
ifiisiiecessliiL 


Approximately 500 grams of the dry calcium siil phonates wort* niixnMl with Oun 
grams of glacial phosphoric acid, (Bpecitic gravity 1.715) and BUhjcwtcHl to ox 
haustivc steam distillation, but only about 5 cubic centimoters of oil worii 
recovered from a liter of aqueous distillate. The maxinnuu temperainiro attainaldcx 
namely, the boiling point of glacial phosphoric acid (130®), was insiitriciciit to 
cause hydrolysis of the sulphonic acids present. 

At ’this stage, about 200 grains of concentrated sulphuric acid were added t,o 
the contents of the flask and the distillation continued. The temperature rapidly 
rose to 140® and hydrocarbons began to distill freely. The temperature gradually 
rose to 170®, at which point the distillation was practically llnjHhed. A total 
VoiuEQeOf 148 cubic centimeters of oil,approxinmttdy 50 per cent of the unsahiraied 
hydrocarbons present in the crude oil, wa.s obtained. The oil was washed with 
water dried over calcium chloride and separated by distillation into the following 
fr^tetions: 


Initial boilmg point, 130® 

Per cent by 
volume. 

First fraction, 130® to 150® 

25 

Second fraction, 150® to 200® 

• 38.6 

Third fraction, 200® to 250®, 

17 

Fourth fraction, 250® to 300® 

' ,17 

Residue by difference 

7.6 

Total 

loono 


llach of tl^ above fractions was nitrated and .the derivatives obtained showed 
^ series of arornatic hydrocarbons .beginning with ' xylenOj OgHto* 

j Seitte 3aor,;tiio!ette nor’ any of The naphthalene aeries wore found. ■ ' ' 

consisting of 70 'per emit ^ 
was further retoed by 
id then washed with water 
^^yity of dry oil was' 
cloudy^' too 
ind'/ 
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One Iiimilrcd enhie eentinietors of the refined oil measured ar were 
distilled by Engders method with the following results: 


Initial boilini^ point, 80 *^ 

First fracUioM, 80° to loO® 
Soooiui fraction, 150° to 500° 
YliirO fraction, 500° to 350° 
I'csulue aOov'c. 350° by diirercnce 

Total 


Per cent by volume, Specific gravity 
cubic centimeters. at 15’. 

40 0.740 

43 0.805 


S 


100 


RjiralTino was determined by Holde’s metliod'’ on the residue remaining from 
the distillation of the ernde oil to the temperature of 250°, it being sho\%m 
previously tlint no solid hydrocarbons were carried over at this temperature. 
The residue from 100 cubic centimeters of oil was transferred to an Erlenmeyer 
llaslc, diluted with an equal volume of ether and absolute alcohol (1 to 1 by 
vohiine), the solution cooled to — 20° and filtered with suction through a double 
filter also cooled to — 20°. Tlie precipitated paraffine was washed with cold ether- 
alcohol mixture until free from oil and^almost pure white in color. It was then 
dissoh^ed from the filter with hot benzene and evaporated to constant weight at 
100°. Tdie amount found was G.775 grams or 8.1 per cent,- calculated upon the 
weight of 100 cubic eentinietei's of the oil at 15°. 

AsphaU was determined by Holde’s method,® wdiich consists in shaking 1 cubic 
ecmtiineter of residue with 40 cubic centimeter.s of light petroleum; after 
forty-eight hours standing, the precipitated asphalt is filtered and weighe<L 
The gasoline for this determination was Kahlbainn's iigroin, purified with 
sulphuric acid and distilled over sodium, using the fraction boiling between 65° 
and 95°. The amount* of asphalt found was 0.08 per cent. 


SUMMARY. 


1, Tayabas oil is cliaracterized by its comparatively liigli proportion 
of volatile hydrocarbons, by liaving a paraffine base and by being snlplnir 
free. In these respects it resembles Pennsylvania petroleum. 

2 , It contains a greater proportion of volatile constituents boiling 
under loO''’ than most enide. petroleums, and herein lies its greatest local 


value. 

3. It contains 30 per cent of iinsatiiratod bydroearbons, which are 

removed by the acid refining process, again resembing Pennsylvania pe- 
trolenm, which, according to Bngler^ contains 28 per cent by volume 
soluble in sulphuric , acid. ' y , 

4. It iS' essentially a parafSne petroleum, which, according to Peck- 

duan,® IB' the best kind of oilforiuel, illumination' or lubrication. ^ ^ 

; 5. 'd'he 'ernde petroleutn examined was d^osh Seepage oil /pumped from' 
a’ 40-m'eter' wbll/ and ' is' therefore considered^ representatite ::;of^lhe'' oil 
from the oil-bearing strata of its source. 



“Untersuch. d. Mineralble m Pette. Berltti, 2nd ed. (1905), 21. 

oil ' T 1 1 _ , ‘ T i 
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THE COMPOUNDS WHICH CAUSE THE RED COLORATION 
OF ANILINE: 1. THE EFFECT OF OXYGEN AND OZONE 
AND THE INFLUENCE OF LIGHT IN THE PRES- 
ENCE OF OXYGEN. 


By H. D. Gibbs. 

{From the Laboratory for the Investigation of Foods and Drugs, Bureau of 
Boience, Manila, P. 1.) 

TLe cause of the formation of the red color in aniline lias been attrib- 
uted to impurities and to oxidation. The literature does not contain 
as great a mass of confused and inacurate statements upon this subject 
as upon the question of the coloration of phenolT 

A. Kosenstielil " remarks tliat, as is well known, aniline is turned brown in. 
tb© air. On neutralizing with acid tbe color turns to rose due to the formation 
of pseudorosaniline by oxidation. 

He exposed aniline in a balloon flask to the action of air in the sunlight for 
three months and distilled the contents of the flask in vacuo. The distillate was 
pure aniline and the residue in the flask on acidiflcation was colored rose, due to 
rosaniline. 

A. Bidet® states that pure aniline and its homologues are colorless when 
freshly distilled, become yellow after some days, but never acquire the dark tint 
of the impure compounds. He ascribes the color to thiophene and thiophene 
derivates and believes that the coloration of benzene compounds is a much more 

delicate test for thiophene ^than the isatin reaction. 

p, WSrner* also recalls the well-known fact that when aniline is exposed to 
air and light it becomes colored, first yellow, then red and finally brown. He 
placed samples of pure, colorless aniline m vacuo, in oxygen and in air in the 
diffused daylight for three and one half months and corresponding samples in 
the dark Those %n vacuo remained colorless The samples in oxygen and air 
in the daylight were colored and absorbed considerable quantities of oxygen, 
whale in the dark the coloration wm slight and the oxygen absorption in the 
tube containing oxygen was *S’ery slight/^ and m the tube eontaining Jiir 

:'^inappieciable” , 

From these data he concludes that the coloration is proved to he due to 
oxidation caused by^ the .combined action of light and oxygen (air) 


1 , 
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GIBBS. 


From liis experiments lie seems hardly to be justified in staling that 
the eombined action of light and air are necessary, for, ylrilo tlio aniline 
m vacuo remained colorless both in the dark and in the light, in (lie 
presence of air or oxygen a coloration was noiieeabh' in. (In^ dark as \v<dl 
as in the light; so that the action ol; liglii, in. the i)res(!nce of uxygen, 
would simply seem to accelerate the reaction. 

Haixtzscli and Freese" believe that the color is caused by a thiophene dcrixait.ive. 
They state that aniline to whidi 0.5 per cent of thiophene 1ms Ixuni aihhel 
distills with an intensely yellow color, while a sulxihur-free aniline, dislills witlioul, 
color and remains .colorless for weeks. 

Since tlie literature offers only two explanations, impurities and 
oxidation, for the cause of the coloration, tlie varions text-ljooks have 
chosen either one or the other. The following are a few^ of the statements 
found. 

Meyer and Jacobson ** state that the xi.sual preparations of aniline are tpiickly 
turned yellow to brown by light and air. The color appears in idui presence of, 
and depends upon, small amounts of a sulphur compound. 

Koscoe and Schorlemmor^ state that aniline exposure to liglifc atn! air 
become.? brown and the more impxire it is , the more rapidly does this coh)ratidii 
take place.” 

Allen® states: ^*Aniline becomes yellow or brown on exposure to air and light, 
especially at elevated temperatures, a resinous body being ultimately formed. 
The change is due to oxidation and does not occur in vacuo or in the dark.” 

Holleman-Walker ® state: ^'Aniline is a colorless liquid, and, unless perfectly 
pttre, turns brown in the air, the color change being probably due to the presence 

tyacea . of ' sulphur ‘Cpmpounds.” 

I liave found that the cause of the coloration of pure nniliih^ in t]ie 
presence of oxygen is oxidation. Azobenzene, diaiiilinoqivi none, dianil- 
moquinoneanil, and azophenine liave been isolated from (ho red aniline, 
but are by no means the only substances produced by the oxidation. Hinee 
the oxidation, because of the presence of the quinone derivative's, has been 
shown to go as far as quinone, it is reasonable to ex]>ect IbaL inhaanediaie 
products are formed at least as transition compounds, and tiiat tlies(^ exist 
in the aniline solution if they escape further oxidation and do not madily 
form condensation products. 

The fact that the three quinone condensation products, dianiliuoqui- 
none, dianilinoquinoneanil, and azophenine, have been isolated would 
seem to indicate that they all exist in the aniline solution. This, how-- 
ever, is by no means proved for the reason that the methods employed for 
their isolation may convert, at least in part, one derivative into another. 

d, 4mUckm (1,89^;), 27, 2,529' aud 2966. 

i ^,drgajnsebe;Gbemip,il^ip2ig q;19b2), ''2, 168. 
r on; ,rbemi?try, Kew “Yorik' pt. ,3,199. 

PMladelpbia, 1 1892), ' 3, p|. 2, ,43.' 

York' {19'06)',-:' 37q. ' ' •, ' 



COJiroUNUS CAUSING RED COLORATION OF ANILINE: I. 1] 


EXPERIMENTAL. 


ANATA'SIS OF THE ANILINE COLORED BY THE PRESENCE OF OXYGEN AND SUNLIGHT. 


tSaniples of 100 cubit* centimeters of aniline in 200 ciihio centimeter bottles 
\Yerc placed in tlio direct sunlight and eonstantl\' agitated for about one month. 
The stoppers were removed from time to time and the air over the liquid ciianged. 
'■.the aniliue quickly became light yellow and tiiially, after passing through the 
intermediate stages, an intense deep red. 

Separation of tlie reaction products was affected in several different ways. 
On pouring 20 cubic c{*ntimeter.s into a large volume of very dilute sulphuric 
acid, the aniline all dissolves as aniline sulphate. A residue which does not 
dissolve imparts to the mixture a reddisfi-browui color. After filtration the almost 
colorless solution changes to yello'w and finally assumes a red color on standing. 
Front the insoluble portion on the filter there was isolated 2, dwlianilinoqiiinone. 

Other separations were made by extracting the dilute sttipliuric acid solution 
of the colored aniline, without removing the suspended precipitate, repeatedly 
with small quantities of ether. The larger proportion of the precipitate went 
into the ether, forming a red solution. The etherial solution W’as filtered and 
evaporated in a vacuum dessieator. The residue separates in layers, one red 
and another a dark purple, almost black. The red portion was soluble in alcohol 
and was separated by this solvent. Dianilinoqiiinone was identified in the 
insoluble portion. The red alcohol solution lost its color on treatment with 
nascent hydrogen and other reducing agents. On slow evajx>ration yellow-brown 
needles of dianilinoqiiinoneanil separated. Another portion of the alcohol solution 
was warmed until the alcohol liad evaporated. The red residue was distilled 
with steam. A few drops of an orange* red oil, which solidified to orange-red 
crystals, passed over with the steam. These crystals were readily reduced in 
alcoholic solution to hydrazobenzene.- Azobenzene must, therefore, he present. 

Other separations were made by slowly pouring 20 cubic centimeters of the 
aniline into 100 cubic centimeters of 50 per cent acetic acid. On cooling the solu- 
tion in ice, a large number of small crystals separated. When viewed with the 
microseope they were recognized on sight as azopheniue. The marked tendency to 
twinning is quite characteristic. A very few crystals of dianilinoquinone were 
also observed.. 

Twenty cubic centimeters of the colored aniline were distilled in steam until 
the volatile compounds had passed over. The red residue in the flask was 
flltei-ed and the precipitate dl^olved in a small quantity of hot alcohol. On 
standing, crystals of azopiiehine separated. 

5-dmnilimquinom was &ntified by its crystalline form,, high inelt- 
ing point and coloration produced with concentrated snlplmric. acid. 
Since the4escripti0ns of 'dhis compound given in the literature axe in some 
points 'conflicting, a^study of '^me of its properties has^been 'made. ' 


The appearance'', of the, /crystals is; described by -4^ ,W.; Hofmann/®, who first 
prepared the compound^ as "heddish-browp: almost metal lustroxts scales/’ by 
Knapp and Schultz as fbrown-red, metallic glistening, leaflets/" by Zineke 
and Hebebrand,^ as and4y'' SM^ki/and''S'Chthiii^^ 
as, ‘*steel-blue, glisiefiing' leaflets,;"^'' ) ,■ : ■' ' ■; i '■ ' 



jproc. 
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These observations are more or less correct^ (leiHvndiiip,* vipoo (ho ji^hl 
by which the crystals are viewed. By reflected light the appearance is 
usually a brillianty bhie-violeij while by irans.nHtt(al liglit l,he predoininai- 
ing color is yellow to reddish-brown. Even these shades vary gia^aiiy 
under the microscope. From the constitution of the (Mmipoiunh as 
developed by Nietzld and Schmidt^ one naturally suspcijts tliat its coin!' 
will be more apt to be of the qninone order and tluit llu^ dcscriplioti 
yellow-brown to red-brown is most appropriat.ti. Some diflaailiy was 
experienced in obtaining the crystals in tbeir true form, probably duo 
to slight impurities. By washing many times willi boiling ahuhol, 
cold alcohol, boiling ether and cold ether consecutively, after r(H*rysl,alli“ 
zation from aniline, quite pure crystals were obtairu^d. 1 am indeliled 
to Dr. W. D. Smith, chief of the division of mines, of this Bureau, for 
the following description of the crystals : 

TliG compound crystallizes in the tetragonal system and occurs in very thin 
plates, generally under a millimeter in length. The usual forms are j^rism, 
pyramid and base, diamond and square. In mass and by refleeted light tbesa plai.es 
have a decided purple hue. By ordinary transmitted light many of tlicin are 
quite colorless. The crystals are trichroie. The accompanying ilg. 1 gives (tie 
form, and figs. 2 and 3 show the pleoehroism: 
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These plates show parallel extinction in polarized light. I'lio indi^x of la*' 
fraction is niedram and the double refraction is low. ITrst order colorB'. 

The melting point of the compound is slated by Nietzki and HcJimidl 
to be above the tliermoraeter scale, while Ziiicke ami irohebraml Bay I hat 
it does not melt and sublimes without decomposition. 1 have J'ound 
that the crystals melt readily and recrystallize in broken and irnporfccl 
forms on cooling. Probably slight decomposition takes place, d'hc molt- 
ing 01 softening begins at 338“ and the purest samples obtained were 
completely melted at 342°, uncorrSeted. A nitrogen determination of this 
substance gave 9.76 per. cent, while the theoretical value is .9.6.5 per cent. 
In concentr-ated sulphuric acid , the coloration is stated by .Knapp and 
Schultz to be “fuehsin red,” and by Nietzki and Schmidt “violet,” I 
have, obserred that the former statement more accurately describes the 
Inelor.' ■ 
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2, d'dianilinoq'idno'nedianU (azoplienine) was identifid by its very 
characteristic crystalline form^ and the coloration produced with con- 
centrated sulphuric acid. The cirystals employed for the purpose of 
comparison were made by oxidizing aniline with iodic acid in the pres- 
ence of the required concentration of acetic acid. The compound was 
recrystallized from aniline. 

O. Lehmann describes the crystals as inonoclinic needles from aniline which 
unite extraordinarily often to twins which cross, ’with pronounced tendency to 
bending, and which are very diehroi'e. Beilstein gives the description, garnet- 
red leaflets. 

I am indebted to Dr. W. D. Smith for the following description of 
the crystals. The accompanying hgiires show the characteristic forms. 



T!»e compound crystallizes in the monoelinic system and by reflected light 
appears garnet-red in color. The crystals, which appear almost invariably as 
shown ill fig. 4, measure much under a millimeter in length, one of the longest 
in a group measuring O.IS millimeter. They are very pleochroic, varying from 
colorless through yellow to garnet-red. The crystals usually occur in halves, 
the normal ciystallization being as shown in fig. 7. In fig. 6, a twin is shown, 
the twinning angle being 31°, the same as the extinction angle. The index of 
refraction is medium. The double refraction is strong, the interference colors 
are reds and blues of the second order. 

All of the compounds which have been isolated are soluble in aniline 
with the production of colored solutions. The following is a brief 
study of tbe solubilities : 

Azophenine is somewhat soluble in alcohol and aniline and is readily crys- 
tallized from either solvent. The solutions are brilliant red. 

d-dianilinoquinoneanil is soluble in alcohol and aniline, the solutions being 
brilliant red. 

.^-dianilinoquinone is practically insoluble in alcohol and soluble in aniline, 
forming a brilliant red solution. 

Azobenzene is very soluble in aniline forming a reddish-yellow solution. 

The power of the first three compounds of coloring colorless aniline is intense 
and exceeds by many fold the coloring po-wer of the latter eompound. 

Ostrogovich and Silbermann: Qhem. AM. (1908), 2r 1433. 

^^Jahresh d. Ohem, (1882), 369. 

Wmdhmh, Ora. Ohem. (1897), 3,, 341. 
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With eoneentrated sulphuric acid azopheniue gives a reddish-purple reseitibl iiig 
the initial color obtained on dropping a crystaJ of moi'phirui into the foi-nnil- 
deliyde-sulpliiiric acid "reagent, 2, d-dianiliiiO(pnnoneanil a salinon-redd* and th d- 
dianilinoqninone a fuchsin-red color. ^ 

THE OXlDATfOX OE AKTLINK. 


Tlte oxidation of aniline wiiii various oxidizing sul)s(<nuM>s has hoon 
prodnetive of many and various reaeiion products, d'ho n^agunis which 
seem to have the most intimate ])earing upon the inmlions whidi (ordi- 
narily produce the coloration of aniline arc oxygen, ozone and {xu'ox ides. 

passed ozone through a solution of aniline in benzene at 15" and 50’, 
and found the principal products to be quinone and azobenzemx 

Leeds oxidized aniline acetate in acetic acid solution l>y nuauis of hydr«»g('n 
peroxide and obtained azobenzene. 

Sclumck and Marehlewski and others oxidized aniline ])y means of hydrog('n 
peroxide in acetic acid solution and found azobenzene, dianilimxpuiioneanil and 
anunonia. They express the reaction 

4 C«H:,KH2+4 HA=C24H,olsr;,0-f-7.I-LO+N‘Il,. 

In the presence of stronger acids, inchilin compounds are formed. 

Freer and iN'o’vy oxidized aniline with benzoylacetyl ])eroxid<% in etlunial 
solution and obtained azoxylrenzene as the principal oxidation ]>rodtud.. 

Istrati“ studied the products obtained by aspirating air through hoiliug 




aniline. Coiupoimds to which he assigns the formulas ( 


(QHg-NH), : ChHa * 0 • I (NH-ChH.,)., are described. 

It is extremely probable that quinone condensation products whicii he fa,ilcd to 
identify were formed. 

EXPEBBIENTAL. 


THE EFFECT OF SUNLTOIIT UI*ON PURR, DRY ANlLTiXE IK CONTACT WITH lUiY 
ATMOSPHERIC AIR. 


■ Since inijiimtieR have been sliowii to prodiKe a (‘oloratioM of uiiiliiu', 
tod nwMiire. often influeiuns to a great oxient the etioinical iietimi of 
iiglit, the; effect of the snnlig^^ upon pure, dry aniline TOeloaenl with 
'pnnf5ed, :drjt ;atmosph&ric ■air' was next studied. ' 

' Pure toiine was ohtafiied ifrbm purified and rc-erystallized acolimilid 
by treating with potassium hydroxide solution, distilling willi hIoiuii, 
and extracting trith ether. 


T!re etherki SttlutloK'was dried over potassium hydroxide and fractioiiptl 
^ -18, 7?7, says a blood-red color. 
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several times. The aniline thus obtained liad a constant boiling point. As a 
fiirtlier precaution to avoid the presence of snlphnr compounds, a portion of this 
product was furtlier purified liy the method of Hantzsch and Freese by Ijfuling 
witli acetone. The final drying was accomplished by distilling with a small 
piece of metallic sodium in the maimer previou.sly described-^ and only the 
middle refraction employed. This was received in tlie flask I of the apparatus 
shown in fig. I,"' a small piece of sodium introduced, the tube sealed and the 
procedure employed in the' investigation of phenol was carried out in the same 
manner. In some respects aniline is more easily handled than xfl^enol. 

The liquid thus obtained showed no color visible to the eve. "Wiieii 
oxygen was excluded by inclosing it with an atmosphere of an indifferent 
gas. it remained unchanged for two months, as long as the observation 
lasted, in the diffused light of the laboratory. 

"When sealed in thin glass tubes with purified, dry atmospheric air, 
consisting only of indifferent gases and oxygen^ the aniline colored ra- 
pidly in the sunlight, a few minutes’ exposure being sufficient to produce 
a light red color, Tlie change takes place tvith reTnarkalffe rapidity. 
When the sun is near the zenith at noon in eitlier the months of April, 
]\Iay or August I liave watched a tube of pure, colorless aniline darken 
and assume a decided red shade in less than ten minutes. The tempera- 
ture is an important factor of the rate of the reaction. 

Since one of the first products to be formed is water, the reaction 
products in general will be the same as tliose previously described in the 
ex])erlmeiits wlieiu no effort was made to exclude moisture. This experi- 
meni merely prfjves that moisture is not necessary to start tlie reaction. 

TtTE ACTION OF 0ZO2XB ON ANILINE. 

On coni act witli ozonized oxygen, colorless dry aniline beliaved in ap- 
pearance ill the same manner as liquid phenol. Coloration was instantly ■ 
produced and gradually deepened from yellow to a very dark red as the 
action progressed. The presence or absence of the ion. filter, G, described 
in the work on pi leiiol, produced no visible effect. In tbe beginning 
no ear1)on dioxide was envolved, but as the reaction proceeded large quan- 
tities were given off. The aniline finally became so saturated witli the 
reaction products that crystals separated and evcnhially the whole became 
almost a solid mass of, crystals. When viewed by the microscope these 
were seen to be dianilinoquinoneaniL No other crystals were detected. 

Aniline which had not been purified with any great degree of care 
behaviMi in tbe presence of moisture and ozone, as far as was observed, 
in tlie same manner. Dianilinoquinoneanil was the principal product 
formed. 

L0C. cU. ' , ' , ' ' ' ' ^ . , , „ , ■ 

^^The Oxidation , ot Phenol:' TMs Journ.f', 8 € 0 . A. (1900), 4, 137. , 
p. 1S6. ' ' „ , i, ‘ T , 
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THE COLORATION OE ANILINE IN THE PRESENCE OE OXYGEN IN Till: DAIJK, 

Tubes of pure, dry aniline in contact with purified dry aiiuospiu'ric 
air, prepared Yuth great care as previously descril)ed, \V(?ro wraf)p(‘<l in 
several coatings of tin foil to exclude the light, and healed in a, sleain 
bath in the same manner as described in the work on pluamlr^' TIhj 
coloration appeared in a considerably shorter space ol: tinu‘, iiuui that 
required for the coloration of phenol and became darker with line*. At 
room temperature, 30°, the purest sainjdes oi aniiiiu^ IwH'ome <'o}oi*(‘(l 
on long standing in the dark. The first shade of color is yellow, whiedr 
'Slowly changes on long standing to light red. 

The next paper will deal with the coloration of n.niliiK' atnl some 
light reactions in the absence of oxygen. 

SCJMHAliy. 

1. A brief review of the literature of the coloration of aniline is 
given. 

2. While there can be no doubt that ceitain impurities will, color 
aniline, the coloration of the pure compound, in the presence of oxygen, 
is due to oxydation. 

3. The coloration goes on in the dark and is accelerated dix*ectly with 
the temperature. 

4. Sunlight greatly accelerates the reactions involved. 

5. The presence of moisture or impurities are not necessary factors. 

6. Among the products of the light reactions there have been isolated, 
azobenzene, B, 5-eIianilinoquinone, diaiiilinoquinoneanil and azopliencne. 

7. Ozone reacts instantly with pure, dry aniline or aniline and mois- 
ture, , producing a brilliant md solution. The principal product of the 
reaction is dianilinoquioneanil. Carbon, dioxide is copiously evolved. 

8. 'The experiments argue against any increased chemical activity of 
' ' the^, oxygen due to' the oxygen gas ions. 

'^''^y/The rate' of The color formation in aniline iS' much greater ilmri 
in phenoh ' :a''" , 

Id. It is evident That the purest anilme is prepared by distillation at 
reduced pre^ur^ and in atmospheres of ■ indifferent gases. 



ERRATA. 


Ill the article on the '‘Oxidation of Phenol” in This Journal. Bee. J. (1909), 
4, 134, footnote 11, 97 should be 91 ,* page 150, lines 10 and 1 1 from the bottom 
of the page, the first shorter and longer in each line should be transposed. 

93401 2 J 7 




A LIQUID CONCAVE MIRROR. 


By Clinton H. HuLBUiiT ^ and B. B. Bacon. 
{From the Chemical Laboratory, Bureau of ^cieuce.) 


The roeoivt publications of "Wood" on liquid mirrors induces ns to 
describe a similar mirror with wbicb one of us has been experimenting 
for se^'eral roars c 

The general idea of using centrifugal force uu liquids to form perfect 
paraboloid surfaces seems to lie very old. but its practical application is 
of quite recent date. 

The principal problem which we undertook to solve was largely a 
mechanical one. To obtain a perfect mirror it is obviously necessary 
that the vessel containing the liquid should rotate at a uniform speed 
and witliout vibration. Tlie apparatus which we finally evolved to meet 
these conditions is shown in Plate L The mirror proper is formed in the 
innermost of three cylindrical copper vessels, 22, 30, and 36 centimeters 
in diameler, res])ectively. The two smaller vessels have double sides 
with an air space between the walls to give greater buoyancy. In most 
of our experiments the Ikjuid used was a heavy, black paraffine oil, and 
each vessel was filled about one-quarter full with this oil For most 
pui'poses the paraffine oil works quite as well as mercury. The two inner 
cylinders have at the center of the bottom, double cones of steel which 
causes these vessels to be held in the exact center of the apparatus l)y 
means of the magnetic solenoid A. To rotate tlie pans, an ordinary 
laboratory motor of one-eighth horse]>ower was nsed. This was equipped 
with suitable gears to vaiy^ tlie speed of rotation and the power was 
transmitted to the pans by means of a belt, the wdiole apparatus being 
mounted on a heavy wooden board. As the oil used is quite viscous, 
any vibrations due to mechanical iinpexTections in the bearings of the 
largest pan are absorbed by the oil, and not communicated to the other 
two pans. Similarly, any variations in the speed of the motor are 

^ Formerly in t-be Quarterniasters Department, United States Army. 

^ Astro Physical Journal (1909), 29 , 165. 

®Mr. Hiilbiiit first began this work in 1902 and the writer (Bacon) became 
associated with him early in ,1906, A note,’, was published ,iE the, Sdenlific 
American, 1907, p. 103. ' y . , 

■ '''d'' ' /V ' 19 
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approximately compensated by the time tlic innermost mirror lloat is 
x'eached, as the two inner vessels are ran by a liquid friction drive. 

In practice^ this apparatus lias given very satisfactory rcvsults. tFlie 
images formed by a paraffin oil mirror are quite slia.rp ainl (he fexjal 
length and magnification are very easily ingulatod by ('hanging (Ik^ speed 
of rotation by means of the set of gear wheels sliown in IIk* flgviro. 
With such an exceedingly simple apparains w(‘ were able to sf'eurci gxaod 
views of the craters of the moon. 

Plate II shows the film of an incandescent light biiD) as shown by a 
mirror of 30 centimeters diameteiq the x^otation being siudi that th«^ foital 
length was about two meters and the magnification about I'our iiinc'S. 
It would seeixx that there would be ixeither gxmt metdianical diilieuKy 
nor great cost in constructing very large mirrors of this typiy and as the 
surface is shaped as a result of molecular forces^ it is meclianically 
perfect, the only possible disturbances being due to vibration or variation 
in the rotation, both of which factors are practically eliminated by the 
aiTaiigement of the apparatus used by ns. 



ILLUSTRATIONS, 


Plate I. Apparatus used in forming a liquid concave niirror. 
II. Photograph of film of an incandescent light bulb. 
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APPARATUS USED IN FORMING A LIQUID CONCAVE MIRROR. 





DISTILLED LIQUORS: WHISKY (RYE, BOURBON AND 
SCOTCH), BRANDY (COGNAC) AND GIN. 


By W. 0. HoLiEES. 

{From the Luhoratory for the Investigation of Foods and Drugs, 

Bureau of Science,) 

I. A Study of the methods of analysis ayd some su<igested ntpRovEMEisxs. 
II, Analyses of distilled liquors entering fiiE port of Manila. 

T. A STUDY OB THE METHODS OF AYAETSTS AYD SOME SUGGESTED 

niPBO^HlMENTS. 

A considerable nimiber of anal3'ses oi: distilled liquors haue I'eeeiitly 
been caiTiecI out at this laboratory and in tlie course of this uork seyeral 
departures from the methods adopted by the Association of Official 
Agiienltural Chemists have been considered advisable. 

In the determination of volatile acidity, tlie metliod of adding 25 cubic 
centimeters of water to 200 cubic centimeters of \hc sample and slowly dis- 
tilling off 200 cubic centimeters of distillate, lia.s been replaced by one in which 
100 cubic centimeters of tlie sample are distilled with the direct flame until 
the volume has diminished to about 30 cubic centimeters and then the distillation 
is continued with steam, together •with the direct dame, the volume of liquid 
in the distilling flask being kept nearly constant, imtil 500 cubic centimeters 
of distillate are obtained. Aliquot portions of the distillate are taken for the 
determination of alcohol, volatile acids, esters, and aldehydes. This _ distillate 
is too dilute for the accurate colorimetric deterniiimtion of furfurol. In many 
»ses, howevery this is of too little importance to" necessitate a separate distillation, 

of 'the method; gives .higher and more accurate values 
,for'&e,’yoiaili^qaei<i$nted is less; ^ minon variations in,,, the. 

in a distillate obtained'rim 

.ihaimer.la smfciettfiy 'an0u.rate for^ tlie ordinary purposes of 
aAd if neeteary, in.'"'s'|)kial caseSy may be supplemented by a detertnlna”' 
diou'tebrding to the official method. 

The colorimetric method for the detemination of aldehydes has not 
provm. hs' , satisfadtotj m th^ JollowiBg proo#^re based oh the metimd 
of .M. .l^pperd * * . w 

One hundred cubic centimel 
'ilask, '25'''CuMn centimeters of 

'd'iAA ':d ! ' ' ''' 
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flask tigktly corked, sliaken, and allowed to stand for one-half hour. Tlie 
iinconihined bisulphite is then determined by titration with iodine solution, 
and starch indicator. Blank determinations are made in the same manner. 

The calculation of the aldehyde as acetaldehyde is made acc< 3 rding to the 
formula. 

cc. ~ iodine solution used up X 550.7 

Grams acetaldebyd'i per 100 liters proof spirits^: - - 

per cent alcohol in sample. 

The Alien-Marqnardt procedure for the determination of fusel oil 
as given in the methods of analysis of the Association of Official Agri- 
cultural Chemists - has been modified in several particulars. Preliminary 
experiments mth loiown amounts of amyl alcohol indicated that tlie 
method gave only about 80 per cent of the amyl alcohol ])roRent; a 
degree of efficiency corresponding very nearly to that reported by 0. A. 
Crampton.'^ This discrepancy is due in a large measure to the erroneoUvS 
assumption that inorganic acids are present in the distillate obtained 
after oxidation^ Tvhicli must be first neutralized by titration, employing 
metliyl orange as indicator. 

Mann and Stacy ^ ha.ve shown that no inorganic acid is present in 
this distillate and that the acidity indicated by methyl orange is organic. 
In our method, the final distillation is made with steanxj care being 
taken not to reduce to any great extent the volume of liquid in the 
distilling flask. About SO 0 cubic centimeters of distillate are collected, 
titrated with phenolphtlialeYn and the entire acidity considered as valeric 
acid. 

About twenty of these distillates were carefully tested for inorgainc acidity 
with negative results. No hydrochloric aci<l was found even when the flnal washing 
of the carbon tetrachloride extract with saturated sodium sulphate was omitted. 
It seems probable that there is some loss of valeric acid during the oxidation, 
although the evidence in the literature upon this question is contradictory,® On 
the other hand, Mann and Stacy demonstrated that with temperatures al)ove 
15.®6 the separation of ethyl alcohol and amyl alcohol is incomplete and that 
m appreciable amount of ethyl alcohol is left in the carbon tetrachloride, and a 
corresponding 'amount of acetic,, acid found in the final distillate. , Since. the 
, temperature of this laboratory varies very little from 30® it is probable that the 
^ , ,,pofeitive error thus' introduced more than compensates for any' loss of acid. 

and 'Stacy « have devised a further modification of the method by substitu- 
tuting for the eight hours* oxidation with reflux condensers, on oxidation of ^our 
hours or eren less in mechanically shaken pressure bottles, thereby effecting an 
economy in time and eliminating the possibility of loss of valeric acid, 

*17. 0. Dept Agrie. Bur. Ohem, Bnl, 107 (1908), 98. 

^Prooed. 23d Ann. Convention of Association Off. Agr. Ohem. BuL 105i 
^ If. 0^ Bepi • ’"'4',' 

;t * ^ ^ M (Lsloe}^ 25, xm 

XB]t|*Xi00mis, Bull. 105. 22. 
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A more recent moditication of tlie method" as yet unpublished is dependent 
upon the use of a standard oxidizing solution and the determination of its 
loss in strength. 

Bedfoi'd and Jenks® have shown that while the method of separation of the 
alcohols in the Allen Ala rquardt method is adequate in the case of amyl alcohol 
it fails to give satisfactory results with the intermediate alcohols. “ 

They found that saturated calcium chloride solution gave excellent results with 
the two butyl alcohols and normal alcohol, when -substituted for sodium 

chloride solution in the wmshing. Very good results W'ere obtained with all the 
higher alcohols which they tested, with the exception of isopropyl alcohol, a 
part of which only was extracted. They further state that practically the most 
serious disacb'aiitage of the oxidation method is the length of time (three days) 
required for a determination. 

In the Bedford and Jenks method, which can be carried out in a day, the 
separated higher alcohols are converted into nitrites which are then decomposed by 
acid in the presence of potassium iodide and the liberated iodine titrated. They 
point out that their ester-iodine method gives the total higher alcohols; while the 
Allen-Marqiuirdt method gives px'actically only the amyl alcohol, and since, as 
they showed experimentally, the ratio of amyl alcohol to the total higher alcohols 
differed in a marked degree in spirits subjected to different inodes of distillation, it 
followed that by the supplementary emplojunent of ])oth methods, considerable 
light could, in many eases, be thrown on the nature of any sample under investiga- 
tion. For example, a genuine pot still whisky could easily be distinguished from 
a whisky made from rectified spirits. 

The interpretation of analytical results in the present work was based 
almost entirely on the data given by C. A, Grampton and L. ]\I. Tolinan 
in their paper on the clianges taking place in whisky stored in wood.^^-‘ 

This admirable and thorough research has made it possible for the 
analyst to pass judgment on tlie natni'c of Aineriean whiskies and sufficient 
data were obtained with' whisky stored in uncharred packages to warrant 
the application of the same principles to Scotch whiskies. 

In the case of brandy less evidence wqb available^ but from the analyses 
made by Mann and Kerton^^ and from those of the best samples at 
hand, it was possible to form some opinion of the composition of a genuine 
brandy. 

One of the tests wiiich^ according to A. McGilP" will serve to dif- 
ferentiate in many cases, between a gennine pot-still distillate and one of 
which the basis is rectified spmits^ consists in the dilution of the distillate 

’’ Thi$ method is being experimented with in some of the laboratories ^of the 
Bureau of Chemistry^ U.' S- Dept. Agr. 

^Jottrn, Boo. Ohem. Ind, 

* They say * although amyl .alcohol by itself can be determined with 

a high degree of accuracy, the intermediate alcohols (normal butyl, isobutyl, and 
normal propyl) are also returned, but with notably low results, whilst, in addition, 
isopropyl alcohol is theoretically undeterminable by the method, owing to its 
oxidation to acetone instead of an acid” 

Am. Oliew. Boe.' (1908),'3O> 98. - 
Boc. OMm. Ind. (1997),' 2A, 499. 
o/ Int. i?et7. Dept. Canada, Bui, ,Ho.. ;27.: ,, /A' ; ■' ' - 
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to tfl-ice tlie volume of tlie original sample. The presence of volatile oils, 
in general characteristic of pot-still spirits, is tlien indicated by an opales- 
cence. In the latter part of the present work the aipteai-anci' of iJn^ 
distillates made to determine volatile aeids was noted and a. eorrelalion 
attempted of tliese indications witli the nature of the spirils as indi<’aled 
by analysis. At this greater degree of dilution -an opalescence was ob- 
tained with nearly all samples, hut this was appiirently juoiv inai'ked in 
the case of spirits of pot-still origin, particularly in eases in wliicli ilu; 
product had received but little aging. 

IT. AK.VLYSES of distilled liquors EUTEUING the F0I;1' of llANfl.A AND 
SAIIPLES OF the SAME FOUND ON THE LOCAL HAPavETS. 

Mij!' irliishj. — Thirty-three analyses of rye whiskies were made of 
samples rejiresenting twenty-four l)rands. A general siiinniary of results 
is given below, together with the average data ol>tainod by (h’iuui)ton and 
Tohnan, for rye whiskies of four years’ aging. 


Table L — Analyses of rye whiskies. 


1 Den- ^ 

Per- 

1 

i Total 

Total 

Vola- j 

i 

1 IiiiStCl iS. 

i Fuwl 

.Aide- 

) . i 

cent al- 
1 eohol. 

solids. 

acMa. 

tile 

acids. 


; oil. , j 

hydcH. 

1 Maximum ; .953 ' 

51.9 

1 

1 075 

60.4 i 

51.4 

72. 4 ' 

i 102.0 

J3.2 

j Minimum * .937' 

38. 1 

1 92 

1 16.2 

n.i| 

i 9.2 1 

24. 0 

1.2 

1 Average .946 

46.0 

407 

36. 6 

! 29,1 

1 30. 0 

1 r>9. 5 

1 '■’•7 i 

* C. T.’r average ' - 


185 

0.5.9 i 

1 

69.3 

! 125. 1 

i 13.9 1 





J 

j 

i_ 

! 1 


All data except those for density and percentage of alcohol arc; given, 
ia terms of grams per iinndred litem of lni,ndred proof spirits. 

Ail except four of these tweiity-foar brands were colored witli carameh tlio 
detection of which was based on the Marsh method, and sugar or saecluiriiio 
compounds had been employed in fifteen brands, Three brands which had been 
bottled in bond proved to be genuine pot-still whiskies of considm'able a<ging ainl 
.free" from added coloring or flavoring matter and a fourth was a ‘'hnnv” pot-still 
distillate to. which' 'coloring matter -had been added. The remaining samples wei‘e 
' claraotef isod by 'a 'low .content of 'secondary distillation products, 

.samples, of, bourbon W'hisky were analysed. 

• , ,, Tabl® , of 7 liourhon laM'shies. 
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All of these samples ^^'e^e colored with caramel with the exception of etiie, wliich 
liad practically no color, and all except one contained sugar or sugars. One sample 
only was a genuine pot-still whisky, although not well aged. 

Scotch ichiski/. — Forty-eight analyses of Scotch whiskies were made of thirty- 
seven rlid'erent brands. Since no reliable inforinatioTi concerning the composition 
of Scotel) wliiskies was available the analysis of one of the best samples tested 
lias, for purposes of comparison, been iindnded in the following table. 

Tacle hi. — A^inlyscs of 37 Scotch whiskies. 



Den- 

sity. 

l"er : rp X 1 

cent al-i . ^ 
cohol. 1 ! 

Total 

acids. 

Volat- 

ile 

acids. 

Ester>. 

Fusel 

oil. 

Alde- 

hydes. 

Maximum 

.9-lG 

53.7 ■ 452 , 

(50-8 

53. 9 

42.4 

1S3. 0 

19. 3 

Minimum ’ 

' . 930 ; 

44. S , 50 ! 

4.7 ; 


5. 9 

29. 0 

a.o , 

A Vfinigft ,, 

I . 939 

49.1 i 159 , 

23.7 

15. 7 

, 21,1 . 

J r.9.6 

8. 5 

Best sample 

[ .93S i 

1 I 

49.3 ; las , 

GO.S ■ 

53. 9 

; 42.4 

! 9i‘, t> 

12,0 


Ail of these samples Avere colored Avitk caramel, altliongli in duplicate samples 
of two of the brands none was found. The amount of color was slight and its 
presence is attributed by the distillers to the practice of aging Scotch wliiskies 
in sherry casks. Only two samples contained sugars. Of all, only two appeared 
to be genuine, well-matured pot-still Avhiskies; in two cases the evidence was 
sufficiently doubtful to prevent their classification as young whiskies, and five 
brands were clearly new whiskies. The amount of secondary products of distilla- 
tion present in the remaining brands vns small. 

BRAXUr. 

Twelve samples of brandy were analyzed of wliieli ten tvere labeled Cognac. 
The analysis of one of the best brandies received, which will be found to be 
in substantial agreement with the data given by I^faim and Kerton^^ has, for 
purposes of comparison been included in the following table. 

Table IY . — Analysis of 13 brandies. 



Den- 

sity. 

. 

Per 

cent al- 
cohol. 

Total 

.solids. 

Total 1 

J acids, j 

Vola- 

tile 

acids. 

Esters. 

Fusel i Aide- 
oil. ■ hvdes. 

IVTin.'rirattm . 

,949 

53.7 

2,189 

1 I 

1 83.5 ; 

63.8 

96.1 

- 

150.6 J 15.4 

Minimum — ..--i 

.931 ' 

47.3 

235 

; 17,4 ' 

6.2 

' 20. 5 ' 

12,4 ! 3.0 1 

- 

.942 

i 49.7 

! 1,170 

I 45. 6 1 

31.0 ’ 

63.5! 

71,1 ; ao 


,943 

1 48.5 

j 709 

! 37.0 1 

25,8 1 
i 

75.3 ! 

; 150.6 i 7,1 





L- ^ 

, . ‘ 


All these samples were colored with caramel, and all but one contained sugars. 
The sample from Avhich the comparative analysis was obtained was considered a 
genuine, but rather immature brandy. 

G'Du-— T hirteen brands' of gin have been' analyzed, of which four worn of Holland, 
five of English^ and four of native origin, , The average data obtained from these 

cit. 
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analyses are included in tlio following table togetlier with the average Hgiiros 
of several analyses compiled by Kbiiig." 

Table V. — Anah/ses of ./;? fiinn. 


1 

Orisin -f gins. | 

1 ; 

Per 1 i 

cent j Total j Total 
aleo- ! solMs. acitis. 

Vol- 

atile 

acids. 

Esters. 

Uif^her 

alco- 

hols. 

Alde- 

hydes. 

Fnrl’n- 

ri»l. 

MetUll's opa 
l(;se(>nee test. 


hot. i 







Hell an rl ' .^45 

46.5 j 43.0 

4.7 

3.9 

21.. S 

47. 1 

2. 5 

1.0 

Very faint. 

! Kative ' .953 ! 

32.0 j 118.3 

S.4 

4..5j 

78.9 

r>7. 4 

0. 4 

— 

Very faint. 

[ EivUirii i -938 ! 

{ EngrlisVi Long 1 ' 

51. 1 j 2. 6 

! 

1.1 

1,1 i 

8.9 

33. 0 

2.1 

NoTie. 

None. 

1 Tom .950 1 

i Xir /in 'icr's: Htynrptf i ! 

51.5*1 271.2: 
46.8 j 27.1 

1.9 

50.1 

1.7 j 

1.1 

119.2 

20.5 

181.5 

I. 7 

II. 0 

None. 

0,9 

Noik'. 

1 a — j 


j 




It seems probable that the samples received at this laboratory were maiiiifac- 
tnred from rectified spirits and flavored with oil of juniper or some similar 
eompoiincl. In tlie absence, however, of any established standards for gin, and 
indeed of any accurate knowledge of the chemical composition of tluxt liquor, 
vei^" definite conclusions are unwarranted. 

In conclusion it may be stated that out of some cigbiy hra.iids of 
whiskies and brandies not more than ten were found to be genuine^ 
matured^ pot-still liquors; and of these teiy, five were probably not strictly 
mature,, one contained sugars and seven were colored in the sense ol* 
containing earainel. The term ^"'pot-still liquor^^ lias, t'firoiighoiit this 
paper, been employed in discription of liquors distilled in such a manner 
that the distillate contains a considerable amount of the secondary dis- 
tillation products congeneric with etliyl alcohol, wldeli give to i,h,o liquor 
what may properly be termed its natural flavor. The term ^‘straight 
whisky'” is n,ow in general use in qualifying a whisky of this nature, which 
has been aged at least four years in wood, without the addition of caramel 
or sugars, and of such only three brands were eneounterod, Tlie nuvjority 
of the samples analyzed were taken from the retail trade, althougii a 
miMher were from shipments at the enstom-honse, and evidence was 
obMued showing' 'that in certain cases the character of tlie liquor had 
been changed, by 'the addition, of rectified spirits after 'its importation 
into /the, jPhilippine^ Islands. ■ ; / ■ ■ 

KabxuagBmnd ' Gexmssmittel, I, 1408. 



ON THE DETERMINATION OF ALDEHYDES IN 
DISTILLED LIQUORS/ 


By Mariaxo Vivkxcio del Eosaeio. 

{From the Chemical Lahoratory, Philippine Medical School^ Manila, F. I,) 


The colorimetric method for the determination of aldehydes in dis- 
tilled liquors^ provisionally adopted by the Association of Official Agri- 
cultural Chemists^^ is based upon the action of aldehydes toward Schiffis ® 
reagent. This method is identical with the one given by Tollman and 
Trescott -which;, in its turU;, is a modi-fication of the method extensively 
used by Girard and Dupre.^ 

Two volumetric methods for the determination of aldehydes have 
been proposed. Seyewetz and Gibello showed the possibility of titrating 
formaldehyde and its polymers -with a solution of normal sodium sulphite 
made neutral to phenolphthaiein by a few dropvS ol: acid. The reaction 
depends upon the fact that normal sodium sulphite, in tlie presence of 
acid, is converted into sodium hydrogen sulphite -which forms an addition 
product with the formaldehyde. As long as the whole amount of formal- 
dehyde has not been changed to the, bisulphite combination, the solution 
remains neutral in spite of the acid added. Seyewetz and Bardin ° have 
attempted to apply this method to aldehydes in general. 

The volumetric method of Ripper^ is similar in principle and applica- 
tion. The amount of aldehyde is calculated from the amount of po- 
tassium bisulphite required to form the addition product -as shown by 
titration wdth standard iodine solution. 

^Abstract of the thesis presented to the Ogden Graduate School, University 
of Chicago, in candidacy for the degree of S. M. 

® Bureau of Chemistry, U. S, Dept. Agrie., 107, 96. 

^Compt rend. Amd. sci. (1865), 61, 45. Ibid,, (1887) , 105, 1182. Ventralhl 
f. Chem. ' (1905), 1305. Monilmr Boimtifique (1890), 893. Ch. Gimrd et 
A. pTipr^,. Analyse des Matieres Alimentaires. Paris: Ch. Bunod &; P. Vico. 

(1894], 278- Ch. Girard et L. .Gnniasse, yCanuel Praetiqne de 1' Analyse des Al- 
cohols et des Spiritnenx. Paris: Masson et C*®. (1899), 172. 

*dourn. Am. Ghem, Boc. (1906), ^28, 1624. . ■ _ 

® Analysis of .Potable Spirits, ' :p.^ 30, ■ ' ' 

^Bull 8oc. Ghim. de Pam. (4905'), '33 i lOOO,, ^ 

■ MonaUh, f, Ghem. (1901), .21, 288. 

, ' ' '.'29 '' 
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VlVENCtO DEL IlOSAKIO. 


The funclaBieiital equation is as follows: 

CH„- CHO + KHSO,,-> CH,- OH 

h^iiiee eonsiderahle difticnlty has been experienced in this luhoralorv 
in obtaining- accurate results hr the othcial method, ])rohal)ly due in a 
large measure to the temperatui'O factor, the method of Ihipixu' lia>s been 
employed to a considerable extent. The following experimental da la 
show that the method gives accurate n?sidts. 


EXPEUmENT.iL. 


F re pa ration of the ,so]utio)is \ — Since practically all the aldehydij detei'- 
minations which the commercial analytical chemist has to deal with are 
in alcoholic beverages^, the experiments have been carried out on solutions 
of aldehyde in 50 per cent alcohol. 

Pure alvohoh — Although Yassey ® says that the ])un^st commoi'cinl 
cologne-spirits is sufficiently pure for iise^, it ahvays contains some impu- 
rities. Of these the high-boiling part;, i. c., fusel oil;, can 1)0 removo<l 
with eonsiderahle ease. Tlie method of YTiikler as modified by Dunlap^ 
using silver oxide, failed to give an alcohol free from aldehydes. Eatdi 
100 cubic eentiineters of distillate was tested for aldehydes with rosaiiil- 
ine-bi sulphite solution and the characteristic reaction for alde]iyd(^s ob- 
tained with eaeli portion tested. 

A second method of Girard and Dupre for the puriiication of alcohol 
is that recommended by Tollman in his article on wdiisky.^^ It failed 
to give satisfactory results in my hands until W. L. Lewis, of the Gov- 
ernment Laboratory of Chicago,, suggested to me to increase the amount 
of the reagents used and the length of the time of contact. 


The original method directs that one-tlioiisaiulth of its weight of pure cans lie 
potash should be added to the alcohol and the wliole then wanned for an hour at 
a temperature near the boiling point, in a flask under a reflux <‘onden8(;r, and thou 
distilled. The alcohol is thus freed from esters and acid. The aldehydes and 
bases are removed by the addition of 10 grams of meiaplienylcnediamine hydro- 
chloride and 1 gram of phosphoric acid (density 1.4531) to each liter of alcohol. 
The ndxtur© is then warmed under a redox condenser for one hour at a temperatum 
close to the /boiling point and afterwards distilled, the' first and last 100 cnbi<^ 
e^ntimeters ' being _ rejected. 


By tHe iise of 10 grains of caustic potash instead of 1 gram, and 
digestion of the solution for one day on a 'water bath, I secured a more 
complete saponification of the,.est«re and, neutralization of the, acids; 
and by employing twice the directed amount of lUetaphenylenediamine 
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In-droeliloj-ide, allowing tlie mixtinv to stand for a weuk with frequent 
shaking, afterwards digesting it on a water ]>ath under a reflux condenser 
for two days and then distilling, T o1>taiiied a sample wliich when cooled 
to iro'^ failed to give any color with rosaiiiline hisiil]')hite. 

Pure ahleli ijde, — It was prepared hy the method of McLeod.^- This de- 
pends upon the fact that when ])araldehyde is heated wdth diluted siil- 
pluiric acid and distilled, aldehyde is obtained almost quantitatively. 
The aldehyde w'as collected in a receiver with a known (|uantity of 
water, the whole, containing 45.06 grains of aldehyde, being diluted to 
200 cubic centimeters, 

■ Such a mixture keeps for a long time without polymerization. Two 
cubic centimeters of this solution, equivalent to 0.4506 gram of aldehyde, 
dissolved in 500 cubic centimeters of water, was regular! v employed in 
this work. 

JR ea gents . — The reagents are as follows: 

{a) iodine. 

(&) Potassium hydrogen sulphite, about 4 grams dissolved in 100 
cubic centimeters of Avater. 

(c) Starch paste. 

Peterminatiou . — For ordinaiy work, 25 eu])ic centimeters of the alde- 
hyde solution (the strength of wliich must he about 0.5 per cent) are 
mixed Avith 50 cubic centimeters of the potassium bisulphite in a 150 to 
200 (-nine centimeter Erlenmeyer flask. The latter is well stoppered 
and set aside for fifteen minutes, the mixture being occasionally shaken. 
In the meantime, 50 cubic centimeters of the potassium bisulpihite are 
titrated hy the standard iodine solution, using starch paste as indicator. 
After the expiration of the proper time, the mixture is also titrated Avith 
the same iodine solution. The clifieTenee between the two titrations Avill 
correspond to the bisulphite combined Avitli the aldehyde in 25 cubic 
centimeters of the mixture. 

QnlcuJation . — Since one molecule of potassium hydrogen sulphite com- 
bines Avith one of aldehyde, and, on tlie other hand, to oxidize one 
molecule of potassium hydrogen sulphite, Iavo atoms of iodine are re- 
quired;, tlie amount of aldehyde can be found from the following pro- 
portion: 

21 „ M 
i ■ A 

AVhere 21 represents the iodine combining Avith one molecule of potas- 
sium bisulphite ; I, the amount of iodine calculated from that of potassium 
bisulpliite absorbed by the aldehyde; M the molecular weight of the alde- 

hjde, and A the amount of aldehjde to be determined; hence A = 

^Am. Ohem. Jmrn, {1907)^ 38, 27k 
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If n represents the number of cubic continieters of iodiiu' soluiion 
used,, then: 

0.0127 nM nM 
2X127 ' 20,000 

From these constants the aiitlior has ealcuhiled (he followin,i 4 ’ laetoi's: 


Formaldehyde 

Acetaldehyde 

Beiizaldehyde 

Vanillin 


TX0.n.S27 

1X0.17:148 

1X0.41788 

1X0.5992:1 


My results are as follows : 

111 a preliminary determination 0.0009 gram of; aldchychi in 
centimeters of 50 per cent alcohol gave : 


I 

II 

III 

Average, 


Aldeliydo. 

0,0008401 

0.0009450 

0.0009450 

0.00091 


Table T . — Determmution of known amonnfs of aoeinldchyde. 


:){) 


(uibic 


blank, 20 CUBIC CENTIMETER KHS0;t= Ti.llO CUBIC CKNTJMETEH iCOlNE 


Cubic cen- 
timeters of 
aldehyde 
.solution. 

Grams of 
aldehyde 
u.sed. 

} Cubic cen- 
I timeters of 
i , N 

j iodine j; 0 - 

Grams of 
aldehyde 
found. 

Pen'cnt- 

«ge. 

5 

.0046 

j 40.15 

. 00451 

100. 22 

10 

.0090 

1 38.00 

.00903 

100. 34 

15 

.0135 

! ■;^5.85 

.01855 

lOO. 37 

20 

,0180 

! 38.80 

.01784 

99. 11 

25 

. 0225 

1 31.50 

. 02268 

100,80 

30 

.0270 

; 29.55 

.02077 

99. 14 

35 

. 0315 

1 27.85 i 

.03139 

99. 65 

40 

.0360 

1 26.15 

. 03600 

100.00 

45 

.0405 

i 22.95 

.04063 

100,24 

.50 

.0450 

1 20.70', 

1 04586 

i 100. 80 

! 


Table IT. 

20' cubic; GENTIMETER KHSOr=«' 38.15 CUBIC CENTIMETKH ^ 1 1.0316). 


'■ ' ; 5 

,0045 

36,16 

,00447 

99,36 


, ,0090 

$4,10^ 

.00905 

100. 61 

, 4 ' ‘IS’'; 

, /,0l35; 

32,10 

,'.01853 

100,22 

; ' 20 

■ '10180 ■ 

80.15 

■' ; 01788 

. '99,38 


' . 022 ^'"" 

28.00 

.02269 

100.84 

. , m 

,0270 

, 26.00 

; ' .02716 

100,59 

. '■ , 

■’"''''■■".W'j 

24.00 

,08168 

100. 41 

N t 

jw ; 

21.90. 

.08633 

100,91 



r, , 10,05' : 

.04069 , 

, 100.46 





100.83 

'Tir 
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LARD FROM WILD AND DOMESTIC PHILIPPINE HOGS 
AND THE CHANGES IN THE CONSTANTS PRO- 
DUCED BY FEEDING COPRA CAKE. 


By H. D. Gibbs and P. Agcaoili. 

{From the Laboratory for the Investiyation of Foods and Drugs, Bureau of Science.) 


During the examination of lards found upon this market in tlie search 
for violations of the Food and Drugs Act^ some samples came to 
our notice which had remarkably low refractive indices and iodine 
absorption (Flanus) numbers and high saponification (Koettstorfer) 
numbers. This, in connection with the other constants, led to the 
suspicion that coconut oil had been used as an adulterant. No crystals 
characteristic of mixed cholesterol and pliytosterol eoukl, however, be 
obtained. It was suggested to us that perhaps coconut cake or coconut 
meal was used as a feed for the hogs and that the constants were thus 
influenced. A claim to this effect was in fact made to us by one tirni. 

As a consequence an investigation w-as undertaken to determine how 
much the iard constants might be affected by feeding copra cake and 
whether a ration containing copra cake conid satisfactorily be used here 
for fattening hogs. 

The growing of coconuts is one of the most important industries of 
the Philippine Islands, and during the fiscal year 1901) the quantity 
of copra exported wns 105,564, kilos valued at $6,657,710 dollars 
United States currency. ' Very littlo^ oil is expressed in the Islands, 
The copra cake upon this market contains from 7 to 15 per cent of 
coconut oil. If the climatic and other conditions are such that copra 
cake can be utilized as a food for hogs and cattle in the Philippines, it 
should prove to be a cheap fattening material. '\Thile the experiments 
so far conducted indicate that its use in small quantities in tlie ration 
produced good results in the fattening of hogs, and a profitable use for 
copra cake^ further experiments upon hogs and cattle should be conducted 
in the Philippine Islands; . . 

It is well toown dhat the character of the fats fed' to a' growing animal 
'more or less affects the character of 'the fat' of the ''animal/ A full-grown 
'animal on being given a sufficient ' amount of food 'after a; long, 'period: 

I as40l,— ’ — ^3 ' ' I ‘ \ 'c S3' 
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of stan-ation, will deposit a body fat showing sonic clianiclcrislics of ilic 
fat in the ration. 

EosonfekP lias expressed the ojiinion that, wiili natural rations, (Jus 
properties of the fats of carniverous animals doi>cinl foi' ihc grcatiir part 

upon the character of the fat eaten, while iluB Ib Icbb so lor tlu' -I ko*- 
blTerons animals, since the latter are l)ctter adapted for laiildiii^’ lluMr 
body fats from carboliydrates. The "'omnivorous ’ boo- is, for (H'otioinie 
reasons, fattened upon carbohydrates. ''Fhe fat ol a. jj^’rown animal in 
nonnal condition is not affected by the ciiaracder of the fat in the riiiJon, 
provided the same normal eonclitions are mainiaimul." - .hor ilu^ purpose 
of investigating these points, corn, palm, cotton seed, linseed, and rape 
oils or cakes, some fatty acids, hntter, and miiiton fats havn lumi 
employed. 

On the other hand, it has been shown that milk fat is, to some, (wient, 
affected by the character of tlie fat in a normal ration. The inllLunm' 
of coconut oil, in this regard, has been investigated to a c(>.nsi<lGt*al)lo 
extent. 

Morse® found that coconut oil fed to cows changed ihc ioditic THinilujr of tin? 
butter fat from 31.6 to 24.2. 

Slegfeld^ observed that coconut-oil cake, exerted no a,pi>areni inlluence upon 
the Beiehert-Meissel, while the saponification and iodine numbers were inllueiiced 
to a marked extent. 

Knieriem and Buschmann® found that the constant h of the huiier fat were 
materially affected by feeding cows on rations of coconut cake, linseed cake, rape 
seed cake, etc. 

Tancrd® states that palra-nut cake is an excellent feeding stuff for niilcii cows 
when fed not to exceed 4 pounds daily and, that coconut oil gives similar results. 

The effects of cocomit oil upon the fat of the liog have not boon iiivi^sti- 
gated, to our knowledge. Wheat bran as a hog feed, makes a yellow, 
liquid lard and is not suitable. Fish meal makes tlie lar<l taster fishy. 
Some lards give the Becehi and Halphen reactions when the iiogs liavi* 
been fed on cotton seed cake, • 

It has also been shown: that the lmbit and eiiviroiiment will affect 
,the fat' secreted. ' For example, the fat of the wild goose has an iodine 
' number nf 9'9.d, while that^ of the bird in captivity is 67/' Lewkow'itsch 


, lievy,.and;'''Mdyer,'''Handbucb d. 'Bio-chem. d. ' Mensch. u. d. Tiere 

1 iff#);,:; 'll:,, ,4^3.;; ^ ' ■ ,, , ^ 

*Beviews of the literature are given by Magnus, Levy and Meyer, ho 
445, and Emmet and Grindiey, J'oum, Am. Ohem. Soo. (1905), 27, 263. 

Bta. Memrd 4 (1892-3), m2; H. Bta. Bui 16, (1892), 20, 

Mm. is,, (190^-7), m. . 

' . . ,, ( imh B#. 
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gives 'T6.6 to 84.7, for the iodine number of the fat of the German wild 
boars while we have found for the Philippine wild hog fat o4.8 to 67.8. 
Richardson ® compares the mast fed or oily hog with the wild boar and 
states that the habits of tJie two are somewiiat similar. 

‘■'They are leain loiig-snouted, fafit-rimaing aiiimaK, ratlier savage in dis- 
position. Little food is given them, but they are allowed to roam tlie woods at 
random arul, by rooting, to obtain wliat livelihood they may. In the cooler, their 
carcasses may be easily ideiitihed, owing to the fact tliat even at the freezing- 
point, their fat does not harden, while if the leaf or back fat of such an animal 
be placed in room temperature, the oil runs freely from the tissue." 

He calls attention to the fact that the iodine number of the fat of these 
animals is about the same as the number given by Lewkositscli for the fat of 
the wild boar. 

The constants for the fat of tlie oily liog are, however, very different 
from those ot the wnJcl hog of the Philippines. (See Table Y, ]). 42). 

Brandt states that : 

‘•The best season in the year for collecting the fat and prepcnang lard is in 
January and February, as at that time the fat is of greater consistency than 
during the hot months. '''■ Summer fat is therefore richer in olein and 

winter fat in stearin. Feeding and the sanitary condition of the pig exert also 
considerable influence upon the consistency of the fat; hence soft and smeary 
fat is also frequently found in the cold season.” 

These statements do not seem to apply to the tropical liogs which hare 
come under our observation. 

The lards rendered by us from the fat of hogs fed at our request by 
the Bureau of z^griciiltiire were all of good quality and the consistency 
wms about the same as that of American and Australian lards shipped 
to this market. It is evident that the copra-cake feed introduces the 
chemical cbaracteristics of coconut oil into the lard. As compared ivith 
the lard from the corn-fed hogs (fed at the same time) the titre is 2.3 
low, refraction (butyro-scale) 0.6 high, the Koettstorfer number 11.5 
high, and the iodine number 11.7 low. When these latter lards (from 
corn-fed hogs) are compared with the values given by Leach the titre 
is found to be slightly higher, the refraction 5.0 lower, the Koettstorfer 
number 2.0 higher and the iodine number about 10.0 lower on the 
average. 

These variations must be accounted for by the inherent characteristics 
of the hog, the tropical environment and the feed. In all of the animals 
killed by us we have found no oily hogs and in every ease the lard has 
been surprisingly firm at room temperature (30® C.). Fo samples were 
liquid at this temperature.’ 

»Jo«rn. Im. Olim. JSfoe. {1$04), 26, 372. 

® Aniinal and Vegetable Fats and Oils (1896), 10^. 
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EXPBEIMJSNTAL. 

In order to determine the effect oC coconut oil upon the I'at Foei'('t('(l 
by tlie bog, a feeding experiment” was conducted witli coconut cake as 
a basis 0/ the ratiom At the same time a check experiment with <'orn 
was earned on. The details are as follows: 

Si.x native hogs, of Chinese origin, from C to 8 montlis old, were divided into 
two' lots, No. 1 ponsisting of 2 hogs and No. 2 of 4 hogs. The feeding- w.as begun 

cm ^Tarch 4. 1908. 


Table J. —Feeding data of Lot No, 1 (corn- fed hngi^) N 


Hog tiuinbcr. 


Initial i 

weight 1 Weight j 

IVIareh 4, ' .Tunc 25. i 

ihOM. , : 


<taiu. 


I Avoragt' 
i gain per 
day, 



h'ilo.i. 

/u7fw. 

klloH. 

29.0 ■ 

55. 0 

20.0 : 

0. 23 

38.1 ! 

00. 7 

28. 0 

0. 25 

j 07.1 ; 

121.7 

54.0 : 

0. 48 


Kumber of kilos of corn consumed in 113 days, 308.5. Daily averag’C of tiorii 
coiisiimed, 2.73. 

Table lA.~Feeding data of Lot No, 2 {cogra-fed hogs)N 


A V (‘rage I 
gain {ler i 
day. 


t-i j „ , wv, o , i#. & , U, 1 / i 

I I 83.2 59.5 I 2d. 8 , O.KI j 

i ' Total j W.G ' 1H8,4 : ' 84.3' (L(i2~! 


Number of kilos copra cake consumed in 162 days, 405.5. Daily average , of 

cakei eonsumod, 2*5§. 

^ , *®We wknowWge,with pleasure^our iudebtedness' to the Bureau of Agriculture 
of the BMippine Islands for'' conduetmg- the feeding and care of the hogs- at 
' their experiment station 'at Alahaaag., 

^ Data iumished by ^ the Bureau of Agriculture. 

Ho't I- died twelve -days: after 'the experiment was started. 


j hlloa. JOYon. j Kilut<, 
31. S ■ i)3,l i 31.3 0.19 


Hng number. 


Initial , i 

weight. Weight i 
MAr<di4,i June 25. 
190H. : 
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In addition to the copra cake and corn, both lots were given an equal 
amount of green forage, sorghum, teosinte, velvet bean, or grass. 
Further data were not kept. 

In commenting upon this feeding experiment Dr. H. N. Knight, of 
the Bureau of AgTiculture, says: 

^‘Considerable difficulty was experienced in getting the pigs fed on copra to 
eat a ration of pure copra. This has been observed in otlier eases. A hog six 
or 8 months old does not take readily to a ration of pure copra meal, while a 
pig of 2 months will start eating a pure copra ration as readily as a ration of 
pure corn. For this reason the copra-fed hogs did not start putting on flesh 
as soon as did the corn-fed ones, and consequently we were longer in finishing 
the copra-fed lot. 

“My observation on this test, as well as on some others, indicate that it is 
inadvisable to feed a ration of pure copra meal, especially where one is finishing 
aged hogs. It does, however, make a very satisfactory feed when used in coin- 
bination with other feed stuffs.” 

When the hogs had attained their growth they were carefully marked 
and shipped to Manila wliere they were slaughtered under our direelioii 
and supervision and the desired samples of fat at once removed and 
placed in glass battles. The lards were rendered in a steam hatli at 
100° and filtered through paper filters in a steam- jacketed funnel. 

The constants were determined in every case in duplicate and in the 
case of the iodine numbers over 60 determinations were made Ijy three 
different persons with different Hanus -solutions. 

The results are condensed in Tables II and Ila. 

Table II . — Cotistarits of lards from corn-fed hogs. 


Kind of lard. 

Titre. 

Refrac- 

tion, 

biityro 

scale. 

Koett- 

Etorfer 

numbers. 

Iodine 
number 
of lards, 
Hanus. 

Iodine 
number 
fatty 
• acids, 
Hanus. 

Free I 

acids 

(asoleie). 

rhtestlnai fat: 







Hog No. 1 

41.6 

43.5 

196.0 

48.8 

53.3 

7.17 

Hog No" -i ,, , 

43.7 

j 

42. 5 

196.1 

, 

47. 2 

50.3 

7.75 

Kidney fat: ' 

1 

Hog No. 1 - 

' 41.6 j 

44.6 

199.0 

52. 7 

; 53,8 

9.89 I 

Hog NO'. ‘i 

43,8 j 
i 

j 

45. 5 i 

1 198. 0 j 

46. 7 

aO- 0 f 5. OS 

I^eaf'Iard: ; ' ' ' ' 



Hog No. 1. 

1 ' ' 42.7 I 

46.0 

; 196.2 1 

49.1 

50.4 

3. 72 


' 42.7 1 

46.0 

j 196.1 j 

_ 51,7 

52.3 

3.27 

Hog No. 2 L 1 

i , ! 
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Table 11a —Constants of lards from copra-fed hogs. 


Inief^tiruil fat: 







Hog- No. 1 ‘ 

H.l 

•13. ,5 

207, 4 

37. 1 

10.2 

0.000 

Hog No. 2 ; 

41.0 

45. 0 

204. S 

12. (I 

(2. 9 

(1. 020 

Hog No. 3 i 

42. 3 

It;. 0 

210.0 

39.2 

40, 3 

0.019 

Kidney fat: 







Hog No. 1 — ; 

39. 1 

44. 5 

21,3. 7 

37.3 

41.4 

0. 02S 

Hog No. 2 i 

39.7 

47. 0 

1 210.4 

37. 2 

42.0 

0. 0:52 

Hog No. 3 1 

41.0 

45. 0 

210.0 

:15.7 1 

10.3 

0. <*2S 

1 

1 Leaf lard; ! 







Hog No. 1 ; 

39.4 

44.5 

20H. 8 

1 :}5. 3 

1 42.2 

0.017 1 

Hog No. 2 : 

.39. 5 

45.0 

204. () 

1 

40.2 

0. 020 

Hog No 3--, — i 

40.7 

45.0 j 

210. 1 

j 32. 5 ; 

' 30.2 

0.011 


Since the Keicbert-Meissei number and the eBter jut in, 

a measure characteristic of coconat oil, or at least very diil'erjeit ironi 
the eoiTespoii cling lard numbers, these .Ggaires were obtained in, order to 
determine whether the coconut oil had exerted any influeneo which, (jould 
be detected in this way. 

The Eeiehert-Meissel numbers varied from to 0.7' and showed no 
regularity of any interest. The ester numbers varied from 1.0 i,o O.d. 
A deternii nation of this factor for a sample of coconut; oil gave: alcolml. 
solution, G.7; water solution, 27.5; simi, 34.2. While the .ir(,T acids, 
as shown in Table II, are high, it is evident that the cliitercnces Ijotween 
the constants of these lards and normal lards are not due to this tTiuse. 
Moreover it is to be noted that the determination of the free acids was 
made some time after all of the otlier mialytical determinations had 
been completed. We attribute the high acidity in a measure to iiio fact 
that these samples were, in the beginning, not kept on ice. All oilier 
samples were constantly on ice except when being sam]jle(l for analysis. 

Since the constants of the lards from the corn-fed hogs, especially tlie 
titre, refractive index, and iodine nuTn])OTS, showed a remarkable va;riatiou 
from the usual lard, constants, another series of feeding experiimutw was 
inaugurated, ^ The data concerning the feeding are so meager and tm- 
satisfactory that little or no light, is thrown upon tluj questions um.bn* 
consideration.'^^ . 

, , Hanus: ZUGfMT^frUnf^rsmlh. d. Nahrmgs-u, Cmussmittel (1907),' 13, IS, 

,,, totSj Cfonsisfing of fotnr : hogs ■ each, were fed 'on rations composed 'of 

varying proportions of, copra cakOrCom, and tiquitiqui (a powder ' produced in the 
' ^^'olewiing'of rice. It o€ms,xsts of small particles, of the grain and a small ' percentage 
',of: data furnished to are tabulated as 
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Feeding data on five lois of hogs fed on copra, corn, and liquitiqni. 


! i ' ' 

' Indi- ; 


Weij<ht. 




1 Lot nnmbt^r. kind, and i ' 

1 amouiitof feed used. 

j ijnr. ; tiai. 

I i I ' 

! May 
' 10, 

; 1908. 

June .Ui- 

190*. 1908. 

0«d(»- 

ber 1 . 
19US. 

! N(»- ' 

I vem- ' 
ber 1. 
190^. 

Total 

gain. 

1 ' : /U/O.S'. 

1 h’i/oft. 

Kihts. , Kiltfx. 

KIhr. 

i : 



i l ■ M. '' «.l ' ' 10.9 : 10.5 KCy ' n.l ' kn i 

2 ! M. I S.i ' 8.»» ' i J ; ! 

3 i M. : 9.6; 14.5, 1»;,2 18,1 16.2' 16. 8 | 19 . 9 ' u/i 

4 F. ; S.l ; 13.6 I IS. 1 19.9 '; 19.9: 19. 5 ; 18 . 6 , lU.5 


Total , ■ 33.9 ; 41.3 


Lot No. 1; fed on tiqniti- j2.__ 
quit amount fed, 468. 

J M. 

-i F. 

- M. 

J M. 

8.1 

8.1 

9.1 

6.3 

11.4 

11.4 

12.7 

4.1 

1").2 

15,2 

IS. 6 

4.5 

11.8 . 

19.5 

20.8 

3, 6 . 

25. 9 

25.9 

27, 2 

“ ” i 

25.9 ' 

25. 9 

23.0 ' 

17.7 

1.1.. 7 

, 

31 . 6 

39.6 

53. 5 













Lot No, 2; fed on corn — 

.! M. 

7.7 

9.1 

10.9 

13. 6 

14.5 ' 

15.4 ; 

14.1 ! 

6,3 

and copra; amount 'i 

J F. 

10.0 

11. 8 

14.0 

IS.l 

11.7 : 

22.2 ' 

22.2 ' 

12.3 

fed, 710. S ■ 

-i 

11.8 

21. 3 


34. 5 

41.3 

43.5 

41.7 ' 

29.9 

lU... 

.1 M. 

13.2 

25.0 

32.7 

40,8 

48.6 ; 

54.0 , 

55.4 ' 

42.2 

Total 


42.7 

67.2 


107.0 

116.1 ' 

135.1 i 

133.4 : 

104.7 











' ! 1 

Lot No. 3; fed on copra jp— 

>1 F. 

14.1 1 


32.7 

j 40.8 j 

|'”"4g!8 

"'•'IS. r, 

54.0 1 

39, 9 

and Uquitiqul; amount 

J M. 

15. 3 

22. 7 ' 

i 

27.2 1 

1 38,6 

' 40.8 ' 

47.7 ; 

LS. 6 , 

32.3 

fed, 765.3 ir — 

M. 

; 14.5 1 

20. 8 ! 

j 1 

28.0 j 

1 40.8 1 

1 1 

I 49.9 i 

50.8 I 

52.6 1 

38.1 

1*4, — 

-1 M. 

I 30.9 

I 

33. 6 

50.4 1 

1 59.0 ' 

61.3 ' 

02.6 ; 

31.8 

Total 


74.8 1 


121.5 1 

i 170.6 1 

: -1 

1 202. 5 = 

207.9 ’ 

217.8 ! 

142, 1 


J F. 1 

13.6 

, i4.0! 

18.1 

22,7 i 

27. 2 ' 

\ 

28.0 

31.3 i 

17.6 

Lot No. 4; fed on copra; ij2 

J M. ' 

16.8 

. 21.3 ' 

35. 0 

45. y ' 

58.7 ; 

60.4 ' 

65.3 

48.1 

amount fed, 660.9 |j3_— 

J M. i 

14.0 

' 25. 0 : 

33.6 

38.1 1 

48.6 ’ 

49.9 ’ 

53.1 i 

37.7 1 

04 

! 

Tl M. ; 

18.1 

' 22. 2 1 

28, 0 

3fbS 1 

45.4 

47.7 

49.9 i 

31. 8 

Total -J 

) 

I 

1 

62.5 

82. 5 

114.7 

143. cT 

179.9 ' 

is<;.o 

199,6 1 

135.2 


( 







, L 

. _ 


At tlie end of the feeding period tliese hogs were shipped to Manila to be 
slaughtered under the direction of the writers. 

It is greatly to be regretted that en route the hogs became so mixed and the 
labels and markings so confused that one lot could not be distinguished from 
another, and neither could the individual hogs be identihed. The value of the 
experiment, in showing ,the afTeet of, the various kinds of feed upon the lards, 
wa's entirely ' lost. How^ever, five of the fattest hogs were selected from which 
samples of fat were taken. ■ The analyse, made before we were informed of the 
meagre character of the data, are tabulated as follows : 
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Constants of lards from native hogs of known origin. 


Kind of lards. 

Titre. 

R(‘f ruc- 
tion , 40°, 
Lutyro 
scale. 

Ko<4i- 

slorf(‘r 

lumihcr. 

fcxliin' 
lunuber 
of lards 
(Han ns). 

lodiiu* 
iininhcr 
of fatty 
acids’ 

1, Hanns). 

0're(‘ 

ntd<ls (as 
oltdc) . 

Intestinal fat: 








39.2 

42.0 

203.4 

35. 7 

37, 3 

. — - 

Hog Ko. 2 - 

42.9 

45,5 

197.7 

12,0 


0. 28 

Hog No. B 

40.9 

43.0. 

191.3 

32.7 

33. 

0. n 

Hog No. 4 

41.7 

43.0 

207.2 

34.0 

sr,.7 

0.23 


40.7 

45.0 

200. .5 

13.4 

13.7 

0. 49 

Kidney fat: 






Hog No. 1 

38. 1 

43. 5 

215. 1 

37 J 

38, (5 



Hog No. 2 — 

41.5 

45. 5 

200.5 

10. 2 

47. 3 

0. 20 

Hog No. 3 

1 39.3 

42. 5 

191.5 

33. 5 

35. 5 

t 0. 23 

Hog No. 4 

s 39. 8 

43.0 

208,8 

31,2 

30. 0 

0.42 ; 

HogNn,,;! 

1 39.1. 

1 

45. 5 

211.7 

44,7 

44.8 1 

0.27 

Leaf lard; 






Hog No. 1 

38. 4 

43.0 

208. 0 

39.2 j 

40. '1 

0.23 j 

Hog No. 2 

41.0 

45. 5 

200.4 

35.8 

40. (1 ! 

0.23 1 

Hog No. 3 

39. 0 

i 42. 5 

192.0 

30.0 

35. 5 


Hng Nn i 

39.1 

48.0 

1 210.4 

34.9 

1 35.2 

O.M 

Hog No. T) 

38.9 

45.0 

209.3 

44.4 ! 

i 40, 5 

0.45 



>Tfl\’iTnnm 

i 42.9 

45. 5 


4(^2 

' 47. 1) 


Minfimim 

38. 1 

42.0 ! 

192. 0 

no. 0 

• 33, 3 




Average,— 

40,0 

43.8 i 

203. 7 

;i7.7 

' 40. 0 





The determination of the free acids was in this ease miulo Boven months 
after the other determinations. The lards in the meantime were kept in stoppered 
glass bottles in an ice-box. 

These analyses show very remarkable variations from the itBiial lard constants. 
For lack of data no eonelnsions regarding the canse are atteropt.ed, 

In order to determine if the native, domestic hogs all showed the same 
peculiarities in their fats, three samples of lards wore obtained at the 
slaughter house from a freshly killed hog of unknown origiru and a 
composite^ sample of' fat was taken from three different hogs. 

^ \ fAMj& Ilh— pfonwlanfa of lm*ds froyn mtiw hogs of unknown ongm, 


; . '©ad <>f fet, ' ; ' 


. jR.efraC'* i '■V’jv/vi'fja, 

tion,40=>' 
iutyro f 

I III tint 

Iodine 
niimbers 
of lards 
,{Eaiins). 

lodino' 
mwnber 
of fs'tty 
' adds - 
(Hanu®). 

Frcio 
acid (Its 
oleic). 


, 40.5' 

47,5 

'■ ' 'm5' 

' ' 55;6 

57,4 

- ,'o.is 

M4my 


, 48.6. 

, 197.5 

616 

63.8 

0,34' 



.413. 

410 

rolo 

62.7 

04,4 

0.16 

!O«0pt|HWite 

1, -l-'f-'V , 1, i -•’T'-'" "‘"l' 


. ' 410 

:"-y 

^ %9t0 

''55.2 

57,8 

o,'2e 


I ' j r 
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With the Tiew of thro^ving some light on the effect of eliiiiate upon 
tlie fat of the4iog^ a number of wild liogs^^ were taken and samples of 
fat prepared. The liogs were found to have very little fat and all that 
was obtained from six of the animals was made into composite samples 
and rendered at once at 100° temperature;, and after transporting to the 
laboratory in sealed glass bottles the samples were filtered through paper 
filters in a steam- jacketed funnel. 

Table IV. — Gonstanis of lard from Philippine wild hogs. 


Kind of fill. 


Intestinal 

Kidney 

Leaf 


Tiire. 

Reirac- 
; tion , 40-, 

; bntyro 
setile. 

' K(»otts- 
torfer 
iinmbi^r. ; 

Tnninf lodilie , 

m mb^r. number i 

, nanus,. ( 

Free 
acid (as 
oleic). 

(10) 

,87. 8 

48. 5 


r>4. 9 61). i 

0.S6 

oO.O 

, 197.6 

67.8 75.8 i 

0.28 

38. 7 

; 49.') 

19.S. 1 , 

65. 8 ’ t!7. S 

0. 38 


Lewkowitsch values for 
the wild boar 


76. 6-84. 7 



i 


^^Tlie \Yii(l Iiogs were secured by Mr. Agcaoiii wliile on a visit to lus lionie. 
He writes as follows concerning the hunt (H. D, Gr.) : 

HU:NTING IX THE pbovixce oe ilocos xobte. 

It was a fresh, clear morning on the 27th of jHay, 1909, when my uncle, 
myself, and many others started out on a hunting expedition for ttie mountains of 
Nagpapalcan, about 20 miles east of the town of Piddig, Ilocos Norte. About 60 
hunters, armed uith bolos, nets, spears, and accompanied by dog.s, composed the 
hunting party. We arrived at the camp at noon and after lunch we were divided 
by the leader into four parties and started out for the game. Within less than a 
mile from the camp we heard that two deer had already been killed. A short 
distance fartlier toward the foot of the mountain we started three wild hogs. The 
dogs were upon them very quickly before they could reach their sheltering caves. 
We proceeded on our way to the place where tiie four columns made their union, 
All the hemp nets were spread in positions designated by the older hunters, 
where the deer and hogs were most likely to run, after which each man took 
the position designated by the leader. All of the dogs were then freed and at 
a given signal from the leader all began to shout and hello voeiferousty to 
frighten the deer and hogs. Men with spears stood near the nets to ti‘ansfix any 
animals which might' becoirie ontangled in' the effort to escape from the noise. 
The results of the first run were 17 deer and 2 hogs. 

The next day, the hunt was' resumed early in the morning in another locality. 
Long before noon 29 deer and 1 hog were killed. After luncheon the homewanl 
journey was begun. , ' 

I am much indebted to my uncle Mr. ^ Mariano Aris for his organization and 
leadership of the party which enabled us to secure the required samples of lard. 

^‘‘Sample too small for a determination. 
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Tlie Taiiatioii in the constants of the lard of the Pliilippin(3 wild 
hog from tlu^ normal lard values is seen to be rather slight and is (hietly 
noticeable in the low litre. The Koottstorfer number is sligldly liigh. 
The iodine values, while about normal, are decidedly lower than ilu! 
constants given by Lewkowitsch for the wild hoar whicli was a mdive 
of the temperate zone. 

The remarkable variation in the lards from ‘the Philippine hogs due 
to copra-cake feed and the variation from the normal lawls ol th(‘ hnn- 
perate zone is more clearly seen in the following table. 

Table V. — Compa^'isoti of the constanls of lard from variotr^i sources. 


Vnrnfcd, fi-<)7n Table I J. 

' Maiximum 

Minnniim 

Average 

' Oipm fed, certtplkd from 

1 ‘ Table IIa. 

^laximum 

Minimnm 

.Average 

j SatiiV' hoffs u/ unknna'u origur 
eoinpiled frm}) Table III. 

Maximum 

Minimum 

Average 

i Valucifi gif’en bi! LeuehJ'* 

! ' i 

■ Maximum* — : 

Miriimimi i 

' Kefrac- 
tionat 

litre. _jQo^ buty- 
ro scale. 

43.8 ' 4<i.O 

41. d ; 12.5 

Koetts- num]>or 

torfer , f : <>f auty 

imnibGr. /oilPlo 
(Hanus). 

mo . 52.7 53. S 

190.0 4d.7 ; 50.0 

42.7 1 4L7 

196.9 

49,4 1 51.7 

i 

42.3 1 47.0 

59.4 1 44.5 

213.7 

204.6 

42. 5 

32. 5 

4(5. 2 

36. 2 

40.4 1 45.3 

208. 9 

37.7 

41.3 

1 

40.5 ' 40.0 

39.0 1 47.5 

197.5 

196. 5 

62. 7 

55.2 

61. 1 

r>7. 4 

39.9 

4S.3 

197. 0 

59.4 

(50. 9 

42.0 

41.0 

51.2 

48.6 

195. 4 

70. 0 

50.0 

1(5(5. 0 

90.0 

! Valueii given by Ijewkowitseh.^^^ ' \ 

' Maximum. 

:r==::=r:;.- 

. . 

»»53.0 

44.8 

liHi. 6 

195.2 

70. 4 

49. 9 

64. 2 

j, Minimum.-. — — 


j PhUippine laild ham. mmpUed 

1 ' from Table i It 

1 Maxiiuiim : ,, , „ 

33.7 

50.0 

198. 1 

, (57,8 

54,8 

' 75.8 

60.1 

■' Minimum 

37*3 

48.8 

197.0 

i , Average .. - 

^iO 

, 49.3 

197. 9 

fi2.8 

67.9 

; ' 'Be ws&owiteeh^s values-,- : i 


- - 

t , mi;| 

76,6—84.7 


( ObmtanU fot' fM qf oUp kggs ^ 

1 ' Maisimhin'-- ^ ,3 ■. . ; .J 

■' 'isci.g 

57.1 

5i0 

, , ' ,! 

^ 192.5, 

mo 

‘ ' ’ ! 

: 95.2'! 

,'':78,8; 



■; ' '24.7 

— — .w- 

1 ■r--C' npf''rr-3 'i ■« .11 V' „ ■"■'■rj 


John Wiley & Bom (1904), 410. 
***04l®y hnd (190^), 368. 
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F. Yoigtlancler -- in comparing the American lard witli the German 
slates that the higher iodine number of the former is explained hpr its 
greater cooteiit of lard oil and the composition of the lard oil. The 
Anieiicaii lard (hi has an iodine number of about 8S, while the German 
has one between 70 and 75, 71.7 per cent of the lards examined in the 

Fabrik voji Dietrich in Helfcnberg Imd iodine numljcrs between 48 and 
53. Of the American lards, 88.5 per cent examined had iodine nuinhei’s 
between 61 and 60, and 4-1 ])er cent were over 64. The iodine numbers 
for the fatty acids were found to he between 90 and 95 for German laials 
and between 98 and 104 for American lards. 

From the results of this work it is evident tliat lean liogs will deposit 
a body fat with const aiitvS considerably influenced by coconut oil, when 
copra cake forms only a part of the ration. tVheii the ration is composed 
almost entirely of copra cake the influence upon the constants is more 
remarkable. 

The influence of the tropical climate and that uf tlie inherent eliarac*- 
teristics of the tropical Iiog upon the lard can not be siitiicicnily dlsenssed 
from the data at hand. It can be said, however, that the general 
tendency of the hog grown in these environments is to deposit a firm 
body fat liaving a high titre^, high saponification niim]}er, and low refrac- 
tion and iodine numbers. 

One of us (IT. D. G.) is about to visit the United States. Upon 
returning to tlie Philippines another series of feeding experiments will 
be attempted^ time and press of other work permitting, under our per- 
sonal daily supervision. It is proposed to investigate the questions 
involved wuth a view of obtaining sutfleient data so that some accurate 
conclusions may be draum concerning the effect of coconut fat upon the 
body fat of both foreign and native hogs. The investigation will, if 
possible^^ be extended with the view of determining the effect of the 
tropical environment not only on the fat of the hog but also upon the 
fat of other animals. 


^ Log, cif. 
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THE LIBRARY OF THE BUREAU OF SCIENCE. 

Fi’oin the very first suggestion of a central laboratory for the several 
Bureaus and Departments of the Philippine Insular CTOverniiieiiT, early 
in 1901^ to the latest report of the United States Philippine C’oniinission, 
the value of the scientific library as a most important part of that institu- 
tion has been constantly emphasized. 

On the appointment of a Superintendent of GovermnoDt La])oratories 
on June 20^, 1901, this official was directed, among other things, to obtain 
information not already on handj to be used for the equipment and 
library of the Philippine laboratory. In accordance with these iiistriic- 
tionSj lists of Journals and manuals absolutely necessaiy for the beginning 
of a scientific library were compiled before the superintendent sailed from 
the United States on jAugust 21, 1901. 

On the legislative side, Act INo. 156, passed by the United States 
Philippine Commission July 1, 1901, gave the Superintendent of Gov- 
ernment Laboratories charge over the purchase of books authorized for 
use in connection with all Government laboratories for the Philippine 
Islands. He was also directed to prepare and reeommeml as a basis 
for appropriation by the central legislative body of the Philippines, plans 
for a suitable' building for the laboratories and for a reference library, 
together with estimates of the cost, of properly equipping the said labor- 
atories and of procuring an adequate reference library. As a result of 
these recommendations, the governing body agreed to appropriate, from 
time to time, in amounts best suited to existing conditions, tlie snin of 
$46,290,66 United States currency for tlie establishment of this library. 

On the arrival of the Superintendent of Government Laboratories in 
Manila on September 25, 1901, considerable time was spent in securing 
a 'temporary building, inaugurating the most urgeut lines of work, 
cabling for bids on books and apparatus, and preparing plans for tbe 
permanent building, but notwithstanding this delay, a generous order for 
subscriptions to, serial publications and for the most essential manuals 
was sent out early in 1902, and before the end, of that'year a very creditable 
showing was made on the shelves of the various rooms in the temporary 
laboratory building. Early in 1903, it was recognized that this material 
was accumulating so rapidly, that a separate^ room was necessary ^ for it 
and that more care than the stenographers and laborers of the, Bureau 
could give it, was essential. Accordingly, ,a room' was, built and books 
■ , , ■' ' " ' ' , 45 ^ 
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and journals, then amounting to some two InimlrcMl siibsiaaptions and 
])robal)lv one thousand manuals and stdn oi period iea Is, were IraiislernMl 
to the closed cases installed therein and the writer was appointed lihrnriam 
Even before that date, the library bad lasen i.ini re<.dpi(Mil ul a; largi' 
niini])er of doeinnents of the Enited States and iondgn govornim'ids and 
of a considerable amount of material in IIki forni ol ri'judnts and S('parab‘ 
monographs on scientiiic subjects. Eroin that time to llu'. piaeseni, addi- 
tions of similar publications as gifts and as eveliang(3s liava^ eonladbuiiM} 
in no small measure to the value of the library. 

It was expeeded that the building pinvided for by Ad. No. Ibij would 
be ready for use by July E IflO-E but long before this ilio ]ibra,ry so far 
outgrew its restricted quarters tliafc a larger room was assigned to it 
in a dwelling which was rented early in 1904 for tlie accormnodaiiou of 
a part of the laboratory work. Here tlic ])Ooks woi'o slndved in opcm 
wooden cases^ the legs of whicli were placed in petroleum cans as a |)rO“ 
tection against the attacks of white ants, with which this building was 
infested. 

Before the end of August, 1904, this space had l)(K.tome so crowded 
that in order to locate a new periodical set in ])lace on the shedves, it 
was often necessary to move all the books in from eiglit to ion laisos, 
It was, therefore, a great satisfaction to change from thesti (irowdod 
quarters to the present library rooms in tlie La1>oratory Building on 
Calle Ilerran on September 1 of that year. Here provision had been 
made for shelving from 30,000 to 40,000 volumes, two stack rooms each 
24 by 16 feet having been added after the original plans for the building 
were drawn. However, the growth of the library vSineo 1901 has beem 
so rapid that the limits fixed in 1901 liave now been roacbed and tlie 
need for more room is urgent. It is hoped that this may be met l,)y 
the construction of a fireproof bnilding, equipped with standai'd library 
furnishings of all kinds and provided with the best modern lighting 
and ventilating systems. 

The books in the Calle Herran building were placed upon open shelv- 
ing.of a standard adjustable type, with metal stacks and wooden sbelves. 
These, have proved sa-tisfactoiy, , although constant supervision is neees- 
,sai 7 ;t 0 ' prevent ranting of the naeial brackets and screws. ' 

, Aside from adequate 'shelving,' theuare of books, in the Tropics presents 
many problems unknown in a temperate climate. Constant attention is 


necessaiy to prevent thein from being damaged by insects and mold 
Fortunately, the library has as yet 'suffered no'' serious Toss 'from .these 
eneniiw, but fhe methods of ecxmbating them .'are still 'eiXperimental, hence 
it is not certain that the books aiio fl^ee from danger. 

8 Ho. 10^ pxonding ionly for a biological Taboratory, including 
^ tod Tabom^ therefore it was 

! aliohld have been em-- 



EDITOllIAL. 


47 


phasized from the beginning and that they dioiilcl leadl in tlie iiiiiiitH-r 
of voUimes and parts on the shelves at the present time. As die work 
of the laboratory developed along other lines, demands for literature 
on man}' nem subjects arose. With the transfer of the Government 
botanist, tvbo had previously been connected mitli botli the Bureau of 
Agriculture and the Bureau of Forostry, a number of valuable tTcrnks 
mere added and orders were placed for many more. The demand for 
systematic and economic investigations of the insect life of tlie Islands 
led to tlie ap]>oiiitmeiit of an entomologist and for this tvork an eifon 
Avas made to collect the literature on this subject, especially that relating 
to the Philippines, Avbieh bad ajjpeared in so many different puljiieations. 
.41 ext came tlie organization of the Serum Institute, and AA’itli it a great 
demand for works on veterinary suhject.s and on immunity and serum 
therapy. Later a natural history collector Avas transfei’red from the 
former Philippine Museum and for tlie proper identification and descrip- 
tion of his collections many important Avorks in general zoulogv, mam- 
malogy, and ornithology Avere needed. 

On October 2l\ 1904, the Secretary of the Interior, at a meeting of 
the Bureau Chiefs of his Department, proposed a plan for collecting all 
books and periodicals belonging to the different Bureaus of the Depart- 
ment of the Interior into one general scientific library, property re- 
sponsibility to rest Avith the central library, all orders to be sent from it, 
and every effort made to keep periodical files complete for the various 
Bureaus, they to AvithdraAA^ books needed for regular Avork from the 
central library on memorandum receipt. By this plan, it was hoped 
that unnecessary duplication in the purchase of expensive works Avould 
be avoided, that information concerning the location of any particular 
scientific publication Avould be readily available, that, Avith a luinimum 
of effort, all volumes of periodicals and serials could be completed and 
bound promptly, and that eventually a central catalogue might give 
necessary information concerning all works, Avhile duplicate sets of 
catalogue cards for books retained in the various Bureaus could be fur- 
nished, at little expense, with each collection AvithdraAAUi, and finally, 
that more money might become available for tlie purcbase of scientific 
books. Much of this has been accomplished, but a great deal remains to 
be done. The cheek on duplication apparently has been considered 
successful, since this point Avas one emphasized in the establishment of 
tlie Philippines Library Board by Act FTo. 1935, effective May 20, 1909. 
A large number of volumes have been bound for other Bureaus/and 
information furnished in many instances concerning the location of 
particular scientific works. 

Under this arrangement about 6,800 volumes were added to the central 
library. In order to have a record of this new material and tO convey 
to interested persons some idea' of the resources of the' scientific ''collec- 
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tions in Manila, a list of ail titles (by author entry) was issued as iiari 
II of Publications of the Bureau of GovcriiniGni Laboraioiaos, No, 

This list appeared early in 1905 and contained all additions to the 
library up to January 31 of that year. 

At the close of the Louisiana Pnreluise llxposiiion in 8(. Ijouis, niiuli 
material from the Philippine exhibit was reiiinua! (o Manila, hrom 
this collection during the summer of 1905, llic Burtaui oi StPaua' .r(‘cciv{‘d 
some 250 volumes, including a number of extrenudy valuable works, siuli 
as Benipers Reisen ini Afchipcl der PI iilip pine n,, IBCiS—lOO'L (die, and a 
large number of the more important smalh'r contrihuii<ms io .!Mdli]'))drie 
anthropology and ethnology*. 

On iSTovember 1, 1905;, by provision of Act Mo. HOT, commonly re- 
ferred to as the Eeorganization Act, the former Mining Buihuiu bc'came 
a division of the new Bureau of Science created lyy the sanu^ aO, ymd 
all hooks, periodicals, maps and catalogues were transferred to (he shelves 
of the central libraiy. The former Ethnological Survey, by the same 
Ac% was created a division of the Bureau of Ediiealion and about a 
year later was transferred to the Bureau of Seionee, bringing io ilio 
shelves of the central library not only tlie volumes held on Tiuumu’ajulum 
receipt, but a considerable amount of material which had lietm collected 
in the preliminary organization preparatory to the estahlisliuumt of a 
Commercial Museum, 

The inauguration of the marine biological work, of the division for 
the standardization of weights and measutT.s, and of*t]m fpod and drug 
laboratory have brought large additions to the library during tlu? past 
three years. 

From the above it will, be seen that the library has not only incL^ased 
rapidly in the number of volumes, but also in the oxteiisiou of c}ass(‘s 
represented. The following table gives the number of !)Oiind urul un- 
bound volumes and parts classified and shelf-listed prior to January 1, 
1910, together with oiie hundred titles representative of Ibc iK^st matmial 
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Classefi and titles. 


L'libound 
. voiiimes. 


Economies 

Political science 

Education 

Literature 

General science 

The American journal of science. 175 v. 
Nature. 7<> v. 


71 

42 

3 


2,107 




i S^niithsonian institution. Annual report of the Board of 

1 regents. 57 v. Contribiitioii.s to knowledge. 29 v. and 12 

nos. Miscellaneous collections. 3t t. and 37 no.s. 

0. S. National museum. Report. 2S v. Proceedings. 35 v. ' 

Bulletin. 68 v. in 48. i 

Royal society of London. Philosophical transactions. 164 v. 

in 194. Proceedings. 82 v. in 81. 

The Londtui, Edinburgh, and Dublin philosophical magazine 
! and journal of science. 231 v. in 192. 

i K. Akademie der wissenachaften. Vinmn. Mathcmatixeh-na- . 
j timmsemchaftlicheUrmf. Sitzimgsberichte. Hot. in 193. ; ; 

1 Academic des sciences. Farm, Comptes rendus. 145 v. j 

K. Preussische akademie der wissenschafton. Berlin. Mo- i l 

natsberichte. 31 v. Sitzungaberichte. 52 v. • I i 

Asiatic society of Bengal. Journal and proceedings. 43 v. | j | 

in 24. 

Royal Asiatic Society. Straits branch. Singapore. Journal. ' ; ! 

53 V. j ’ ' 

Tokyo. Imperial university. Collcf/e of science. Journal. I j ! 

24 V. ; 

Australian aissoeiation for the advancement of .science. Re- | , ' 

port. 10 V. ’ ! j 

Natiiurkiindig tijdschrift voor Nederlandsch Indio. 67 vn I 
in 65. I : : 

Challenger expedition. Report on the scientific results of the i ' | 

voyage of H. M. S. Challenger. 40 v. in 50. | i 

Mathematics— ^ ! 17 ; 8 ; 5 

Astronomy 

Physi€.s 

Chemistry - — ; 

'The Analyst. 32 v.' in 31., 

American chemical jounmi. 40 v. 

Amerlctm chemical society. Journal. 29 v. in 23. 

Annales de chimie: et de physique, 372 v. 

Chemical sotuety. Landmi, Journal. 95 v. in 117. 

Die' Chemische industrie. 30 v. 

Chemisehes ceiitral-blatt. 75 v. in 100. , 

Deutsche chemische gesellschaft. Berichie. 41 v. in 117. ' 

Jahresbericht fiber die fortschritte der chemie imd verwandter 
theile anderer wissenschaften, 59 v. in 83. 

Journal ffiT praktische chemie. 253 v. 

Justus Liebig's Annalen der chemie. 369 v. 

Socidt^ chimique de France. Bulletin, ■ ,88 v. 

Society of chemical industry. iMidm. Journal. 27 v. 

Zeitschrift fur angewandte chertiie. 2Q v. in 24. 

Zeitschrift fiir physikaliSche chemie. 65 va ' ■ , , ' , ■ 

93401 — —4' 




60 


BDITORIAU 


Classes and titles. 


Bound nuhouud 
V'olunies. volimies. 


Geology- — 

CoiigrOs geologique int(‘.rnati()Tial. Coinptes r<‘ndiis. Bl ’ 
Geological society of America. Bulletin. IS v. 

The J on nidi of geology . 1 5 v . 

U. S. Geological survey. Annual report of the director, 
in 08. Bulletin. 37C> v. Monogra.phs. ‘10 v. in -tS. 
fessional papers. CA v in 06. Mineral resounu'.s of 
United States. 18 v. Water-supply papers, 231 v. 
Spain. Comision del mapa geoiogico. Boletin. 21 v, 
morias. is v. in 17. 

Pal aeon tographica. 54 v. in 50. 

Natural history 

The Annals and magazine of natural history. 141 v. in 7 
Quarterly journal of microscopical science. 59 v. 

Royal microscopical society. London. Journal. 30 v. 
Archives de biologie. 23 v. 

Biometrika. 5. v. 

Zeitsohrift fiir hiologie, 49 v. 


Annals of botany. 21 v. 

Botanische jahrbiicher fur systomatik, pflanzengeschichte 
und pflanzengeographie. 9 v. 

Deutsche botahis5che gosellschaft. Btrlm. Borhditc. 25 v. 
Jahrbiicher fiir wissenschaftliche botanik. 45 v. 

The Journal of botany, British and foreign. 45 v. 

Just’s Botaniseher jahresbericht. 84 v. 

Kew. Royal botanic garden.?. Bulletin of miscellaneous 
information. 28 v. in 18. 

Linnean society. London. Journal. Botany. 37 v. in 83, 
Transactions. 2d .series. Botany. 0 v. 

Zoology — — - 

The Zodlogical record. 44 v. 

Zoological society of London. Proceedings. 78 v. in 58. 
Zoologischer anzeiger. 32 y. in 80. Bibliographia zoologica. 
14 T. 

Entomology - 

Berliner entomologische Zeitsohrift. 52 v. in 36. . 

Entomological society of liondon. Transactions. 55 v, 
BmiM entomologique' de Belgique. Mrumek. Annales. 5i 
y. in 44. 

' Soci^Mnntomologique de France, Paris. Annales, 77y, in 
■' ' ' -78., .-Bulletin. , 20 y,' / , 

, ' Bnniah'dnatomy ' ; 

Archiv fill- mikroskopische anatomie und ontwicklungsge- 
' 'schichte; ',73 y,-' '■ ' ' - 

JonmaJ of anatomy and physiology* 4$ v. 

I, 

, So^pe^yWs zmdhm physiologisdfee ehemir'" 60 vT'* 

^ 

, ^ Bam^tenkunde und inlek^ 
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(Classes and titi 


i Bound TjnbouiK] 
I Tolumo?.; voiuni-s?. 


Farrs. 


i General mediriiie , 

The Arnerieaii jonrnul oi the inedieid «eienees. Ifil v. ® 
i The .loiirriul oi experimental medienie. 10 v. , 

The Journal of incdieal iT‘'<earfh. lor. I 

The Britis'lii inedieal journal. lOI'J v. ] 

! Ttie Lancet. 175 v. in J7L j 

I Archives de ine<licine navale. 9 v. : 

j Berliner kliiii.sehe wnehenschriit. 44 v, in 45 and 49 no. ’ 

I Deutsche medizinisehe wocheiischriit. ;14 v. in tJs. j 

Mimehener mediziniscbe wo«*hcn.sehrift. 55 v, in 01, ' 

Schmidt’.^ Jahrbiicher der in- nnd ausliindDehen gesanimteii 
medicin. 302 v. in 238. 

Virehow'.s Arehiv filr pathologi.scdie anatomic und physiolngie 
nnd fiir klinisclie mcdizin. 195 v, in 2(J3. ■ 

Hygiene, etc _.i 

Zeitsehrift fiir hygiene und iniektionskrankheiteii. 02 v. j 

Pathology 1 

Arehiv fiir experi men telle pathologie nnd f>harmakologie. 59 j 
V. in 30, I 

Beitrslge ziir patiiologischen anatoinie und znr allgemeinen | 
pathologie. 43 v. 

The Journal of pathology and bacteriology. 13 v. 

Practice of medicine 

The Journal of infections diseases. 4 v. 

Arehiv fiir schiffs-und tropen-hygiene. 11 v. 

The Journal of tropical medicine and hygiene. 9 v. 

Liverpool school of tropical medicine. Memoir. 21 v. 
Thompson Yates and Jolinston laboratories. Report. 7 v. 
in 11. 

Surgery 

Ophthalmology 

■ Otology — 1 

Gynecology and obstetrics - 

Pediatries,, — - — 

Dentistry 

Dermatology 

Therapeutics — * — 

Pharmacy and' materia medica ■ 

Arehiv der pharmazie. , 194 v. in 131. 

Agriculture — 

Agricultural bulletin of the Straits and Federated Malay 
States. 7v. 

The Tropical agriculturist. 30 v. 

IJ. S. Department of agriculture. - Annual report. 11 v. Year- 
15v.- Farmers’ bulletin. 39S nos. , ete. ete. 

I Biedermann’s Ccntral-blatt fiir agrikultur-chemie. 30 v. 

I Jahresberieht fiber die fortsehritte auf dem gesamtgebiete der 
agrikultur-chemie. 51 v. in 43. 

I Plant culture ' - ^ ' 

! Forestry ; 

i The Indian forester.' 17 v. and 11 nos. • / 

I Animal culture and veterinary medicine 

I The Journal of comparative pathology and therapeuHea ' ■ 20 v^ 

I Journal de mfidecine vdterinaire etde'zwteciinie. .53 V. ■ 


1, 455 


63 'i GGO 


350 

169 

252 ! 

3 


19S 


105 

24 

5 
51 

B 

6 

175 

27 

239 

394 


104 
' 59 


. 312 ' 


134 ; 


10 I 


11 


i 1 

10 I 11 

44 1 4 

4,314 I 255 


394 

242 


'207 


a s 
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Classes and titles. 

Hound i 
voli lines. 

Unbound 

volnnubs. 

I'arts. 



8 

2 


8<i(; 


8 

; Dingler’s polytechnisclies journal. 821 v. 

1 Engineering - - 

•i« 

2 

r..n 

■Roads and pavements - 

in 

1 



18H 

85 

1 77 

1 American institute of mining (‘ngineors, New York. Transae- 

! tions. 85 V. 

; The Mineral industr;-. 17 v. 

1 Chemical technology- - * — 

1 

250 

11 

1 1 

Jahresbericht fiber die leistungen der eheiuisehen technologic. 

■ 55 V. in CO. 

Manufactures — 

40 

7 

j 

4 1 

Foods - 

47 

8 

4 

Bibliography 

187 

187 

1 


Besides -the sections noted above, there is still a large ninouat of 
imelassified material in geolog}', mining and miiuyal industries, tccihnol- 
ogy, geography and anthropology, travel, history, photography, fish and 
fisheries, political and social science and bibliography. If w(! add to llu; 
above, reprints, dissertations and uionograplis, Goveniinent publications 
not bearing directly upon tlie work of the Bureau, incomplete series of 
publications ziot considered of sufficient value to complete azid bind, and 
duplicate material, it will easily be seen that we have prol)ab]y already 
gone beyond the outside figures suggested in planning for the future 
growth of the library in its present quarters. 

During- the first five years almost the whole time of the small library 
staff was given to securing publications, and eonipleting and building sots 
of periodicals, with only sucli temporary leeords as would enable works 
to be found on the shelves. From the btginning, the books were ar- 
ranged roughly according to one of the standard classification schemes 
and arbitrary symbols assigned for locating them. The transition to 
the present arrangement on the shelves was, therefore, riot sudden, so 
far as the main classes were eoneerned, but in a library growing as 
■ rapidly, as this one from 1903 to 1908, it frequently liappened that the 
: .aetnal loeation of a given book might change a great many times during 
la year, although the relative position remained the same. ' If wo add to 
this fabt the one that books bore no key . to their relative. locations, the 
problem of keeping them on their proper shelves can easily be Been. 
The accession book was first brought up to date, and the cost of the 
library was segregated from that of apparatus and supplies of the Bureau. 

el^ripal ipyohune numbers, dates, etc., and of the fact 
^ tad frequently attempted to 

ipf foreign journals Ijy the same 
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English eqniYalent, thus eoinpletelT losing the irlenritv of the originals, 
this latter tvas a slow and nervo-weai-ing process. Iloweveig h}* Jaiiiiar};, 
1908, most of these matters were fairly worked out. and since that date 
the strongest eiipdiasis has been placed upon tlie work of peinnaiient 
organization. In this^ we have l^een fornmate in having an assistant 
librarian with long library experience and with recent training in tlie 
shelf-listing division of the Lilwary of Congress. The slielf-list has 
been pushed aliead of the eatalognie, and on Janiiarv 1, 1910. a total of 
35ySdT Yolnnies and 2,216 nnbonnd parts had been classified, shelf-listed, 
labeled and placed in pej-niancnt position. In addition to the official 
shelf-list, a duplicate, differing from tlie original only in the omission 
of accession munbers, has been placed in the reading room, whicli, Avith 
an author index, makes it possible to find any classified Avork vewy 
promptly. 

Although the cl assif cation and shelf-listing haA^e frequently been 
interrupted by the demands of routine Avork and by change of clerks 
assisting in typeAATiting, -filmg, etc., the Avork has progressed as i-apidl}' 
as could have been hoped for, and the time saved in library administra- 
tion by the aids iioav’ available for nse more than covers the additional 
cost of the AAmrk to date. 

The system of classification, decided upon after careful consideration, 
is the one in use in the Library of Congress. This system has proved 
especially well adapted to science, medicine and public documents, of 
which at least 90 per cent of this library at present consists. 

Mary Polk. 
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Light and Sound. By William S, Franklin and Barry MacXiitt. Cloth. Pp. 
vii—344. Price, $1.60 net. ISTew York: The jMacMillaii Company. London: 
MacMillan & Co., 1909. 

This book is the third one of a series written by these authors on 
special subjects in physics. It professes to be a text-book for colleges 
and technical schools. It is evident tliat the primary object of the 
authors has been to ivrite a popular book. Many things which seem 
vital to the reviewer have been sacrificied by the anthors in an attempt 
to make the subject interesting. 

The subject is treated in a very elementary manner and with the use 
of very little mathematics. As physics is essentially a mathematical 
science^ the reviewer believes there will never he in the future any great 
physicst who ivill not be able to think in the teims of mathematics ; and 
even a beginning course in physics should lay the foundation for 
mathematical thinking. 

The authors state that the main object of the book is to develop "'hi 
simple living interest in science on the part of all plain people.’'" As a 
popular and accurate reading book of selected practical chapters on 
Light and Sound, the volume is excellent. A text book of physics should 
develop the subject from a mathematical point of view, and if such a 
treatment is dry and lacks interest, the latter must be developed through 
the lectures and discussions of the class room and .especially through the 
enthusiasm and personality of the teacher. 

The Subjects selected cover only such parts of the fields of iight and 
sound as are commonly met with in every day experience and have 
evidently been so chosen by the authors because of the greater interest 
and ease of treatment by practical illustrations. There is only an exceed- 
ingly limited discussion of recent theories of light, and after stating that 
the electric magnetic theory of light is the one generally accepted by scien- 
tists, the authors, for reasons of simplicity, in most parts of the hook use 
the elastic solid theory' in their, explanations of light/phenomena. 

There are ten chapters on light. ■ The wave theory as applied, to. light 
is illustrated and made quite simple by the use of water waves. The 
chapters on Lenses and' Lens Systems, Simple' ,OpticM 'Instrumeixts, and 
Lens Imperfections and their Oompexmation,. are ’three' of; the most^P'rac-;' 
tical in the book. They explain in, a.'simpie maaner^fie ’v^dus, phenoiU"' ‘ 
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ena of light which enable the reader iiiielligeiitlj to uiidersland lenses 
and their uses in optical instruments. 

Methods of measuring light and the standards used in lliese iiKuisnre- 
ments are concisely stated in the chapter on Photoiiudry and Illumination. 
Many suggestions are given in this ehaphu' Tor llu! pi'oper illuniiiuiiion 
of rooms, halls, etc. The chapters on Ih'fletdion and Kerrael ion, Dis- 
persion and Spectrum Analysis, Interrereiua; and Dilfraeiion, I’ohiri/a- 
tion and Double Eei'raction, are dealt with in tlaur logical order in a, brief 
and satisfactory manner. 

The. last six chapters of Uh; hook are on Sound. As t.he author’s stahi- 
ment clearly indicates, the treatment of the subject is “'a])l)r(ivia.te(I to 
the utmost and the discussion is limited to tliose things whieh are of 
practical importance.” The chapters. The -Pliysical Tlniory of Miisie, 
and Miscellaneous Phenomena Depending upon the Refleeiion, Itefraetion 
and Diffraction of Sound and Architectural Acoustics, are iniiu'csting 
and practical. 

The, hook would seem to fill the authors’ ideal of making Iho suhjo(d, 
interesting, but to the mind of the reviewer it would serve better as an 
ausiliaxy reading book in physics than as a te.'ct-hook. There are many 
references, principally to the standard hooks on physicis, given in the 
text. The typogi-aphy, illnstrations and printing are good. A poor 
quality of paper, however, has been, used. 

E. P. ,B. 

An Introduction to Chemical Analysis for Students of Medicine, Bharmaoy and 
Bentistry. By Elbert W. Roekwood, M. D., Ph. .D. Tliird edition, reviw.l, 
with 20 illnstrations. Cloth. ?p. xni-247. Price, $1.. 50. Philadelphia:?. 

.Blakiston^s Son k Co, 

The greater prominence given to tlie ionic explanations of analytical 
reactions is practically tim only change over the preceding editions and 
coratitutes the most commendable, feature of the text. 

It is the bdief of the reviewer that elementary instiilction in quali- ; 
ta^Ve, volunietric analysis has no ligitimate place in the professional 
schools of mefdicine, : pharmacy, or. dentistry,. 

The ^aubjec,ts,, under App^^^^ ,viz, , Waters and Blowpipe 

Analy^ and Detection of Boisous, are well chosen, but are altogethei 
too briefly treated to be of great value. 
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INTRODUCTION. 


Tlie area discussed in this report has been visited in part by nearly all. 
of the geologists who have studied the Philippine Islands since it includes 
Manila^ the capital and principal port, and a convenient starting point 
for excursions. However, no systematic reconnaissance has been inadcj 
previous to this report, and the literature, wliieh is in several languages, 
is largely fragmentary and not readily accessible. 

The most important geologic map published is by Von Drasclie, wiio 
saw a considerable part of the country and drew upon the writings ol: 
otliers and probably used data furnished him by residents of the iwsland, 
In addition there is a small map of Mount Maquiling by Abella and a 
partial mapping of the tuf deposits by Centeno. 

The present reconnaissance was planned so as to make possible the 
correlations of the many observations of previous workers and the pul)- 
liBhing of a map to serve as a guide to the understanding of the broader 
geologic problems.- The localities described by former writers iiave bceu 
revisited with the exception of sbine lately studied by the members o.f the 
present division of mines. 


is tehe: regi’etted that the uninhabited and heavily wooded portion 
of the eastern cordillera must be left unexplored, and that many im 
texesting areas could not be studied more in detail beesuso the general 
problems required all the allotted time. 

Aside from the purdy scientific interest, the reasons for making this 
reconnaisfeance . were the need for more accurate knowledge in regard to 
the coal deposits near ^ Manila, the availability of structin-al materials 
required in the economic 4eMopment of fhe islahd, and a better under- 
^ ihe oc<itirronae of artesian 

far, the lyell^being of the 



for public improve- 
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of Public Works, by tbe Anny Engineers, and by tlie mimic ipaiiries, and 
it is desirable that the division of mines, when called upon, should be'' 
able to supply data which will aid in the various undertakings. With 
this purpose in mind, practical results have already been reached along 
certain lines ^ and investigations are being carried forward which can 
not be completed in time to contribute to this paper. 

The region studied does not contain any developed metallic resources, 
and in the part explored it is questionable if any exist, but the value 
of the structural materials used during the past year exceeds the present 
output of the best developed mining districts of the Islands and the 
value of the underground waters brought to light can hardly be estimated. 
It is probable that the coal helds in Bnlacan will soon be thoroughly 
investigated. 

The difficulties which attend geologic explorations in the Philippines 
even in this comparatively accessible region will not be enumerated, 
ddiey have been mentioned by many writers, and those who know them 
will excuse certain of the wealmesses of this report. 

]\fr. Eobert IST. Clark was my field aid and traveling companion, and 
I take this opportunity to acknowledge his valuable assistance and 
cheerful cooperation. 

PHYSIOGRAPHIC REGKJNS. 

On the index map, fig. 1, the general physiographic regions of Luzon 
Island are outlined for the first time. It is to be regretted that these 
regions are not well enough known to warrant description. The rectangle 
defined by heavy lines indicates the area discussed in this report and the 
geography of it -will be seen more in detail on the accompanying geologic 
map (folded Map 1). 

Western cordillera . — The southern portion of this region, also called 
the cordillera of Zambales, as seen from the east, presents two gaps 
defining two mountain masses near the end of the range. The southern 
mass is known as the Mariveles Mountains, with Mount Mariveles having 
an elevation of 1,419 meters., The second contains Mount Natib which 
has an elevation of 1,^85 meters. To the north of the second and 
higher gap are Mount Caulaman, elevation 9B8 meters, and Mount 
Dangas, elevation 938 metem. Mount Pinatubo is reached by continuing 
about 20 kilometers beyond the limits of the geologic map. Its comb- 
like peak, which has an elevation of 1,806 meters, is considered the 
highest point in the cordillera. 

From the indenture of Subig Bay, on which the , naval station^ nf 
Olongapo is situated, one may , travel by aTow gap:io the wide alluvial 
valley occupied by the Pinatuan' and', Tomas ^ Sivem which flow 
into the China Sea. These features separate the^ CincoPicoS; Mountains 

' ' ,, TMb -4 '■( ,4^;, Amd ■ '' '■ ■ I'i ■' '* ' ' ' 
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from the main cordillera. The highest mountain in this group has an 
elevation of 1,110 meters. 

From a geological standpoint the Pico de Loro MoimtainSj highest 
elevation 678 meters^ situated south of the entrance to Manila Bav, 
belong to the western cordillera- Corregidor and Caballo Islands^ 
together with some small islands and rocks, constitute the evidence of 
a submerged connection. The silhouette of Corregidor Island, which 
is just visible, and the mountains which lie to the north and south on 
the mainland as seen from a distance of about 50 kilometers across 
Manila Bay, are familiar to all who have admired the charm of the 
sunset view from Manila. 

Central plain . — This region is low lying and but little diversified. 
Mount Arayat, just north of the area here discussed, rises as a solitary 
peak to a height of 1,040 meters. On clear days it can be seen from 
Manila. It is situated about equidistant from the western and eastern 
cordilleras. 

The portion of the central plain included in the geologic map is for 
the greater part occupied by a network of river mquths and esieros. 
These channels constitute the delta of the Pampanga Elver which has 
its headwaters in the northeastern part of the plains region. The 
Pasig and Orani Eivers of this drainage system are navigable for boats 
of shallow draught which ascend to Guagua and beyond that point to 
Arayat. Hear the bay the numerous islands of the delta are covered 
with mangroves and the low nipa palm. 

The area of water-laid tuff lying to the east of- the alluvial portion of 
the central plain is appropriately included in the central valley region, 
although it is related to the southwestern voleanie region. This country, 
which is a little higher than the alluvial plain, is but slightly diversified 
excepting near the stream valleys which cross it. It rises gradually to 
the eastward, where it is limited by the foothills of the eastern cordillera. 

E astern cordillera. — In- so far as known the mountain structure of 
this area is with the trend of the cordillera. It is not now possible to 
divide it into minor ranges, and the drainage which is as yet imperfectly 
mapped, does not suggest any important longitudinal valleys. Seen in 
a broad way it presents two physiographic provinces which for con- 
venience may be designated as the northern and southern, the division 
ocenrrmg opposite the eastern lobe of Bay Lake. 

The northern division of the cordElera contains a number of con- 
spicuous mountains and subordinate ridges which show alignments 
suggesting ranges. Tliei higher mountains, are probably in most cases 
composed of eruptive rocks. The region is not well explored, but within 
the area of the geologic map aecompan}dng this report there are indicated 
Mount Driod, elevation 1,18S meters; Mount Angilo, elevation 1,807 
meters; Mount Batay, elevation 1,408 meters; Jlount ' Banay,,; elevation 
1,345^ meters, and Mount Kanumay, elevation 1,049'' fiieterst;' : t;'':'; L. 
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The southern part of the eastern cordillera is lower and has a 
peneplaned appearance^ and in the region east of the extinct volcano 
BanahaO; which is on the border of the volcanic region, the cordillei*a, 
is partially covered with tuffs. There are no conspicuous peaks and iiu3 
higher elevations, in so far as loiown, fall between 400 and 500 nutters. 
To the south of the geologic ntap the cordillera coMtinues into Ohiyabas 
Peninsula. 

Lohoo Moiiniains . — These mountains lie in an irregular peninsular 
area on the south coast of Luzon, and are bordered on the north by tfie 
plains of the southwestern volcanic region. They arc distinguished as 
a separate region because of their discordant trend and the presenc(i in 
them of diorites and tertiary formations which are not rcpjxisenied in 
the adjacent southwestern volcanic region. 'Jhiey appear to form two 
approximately parallel ranges extending in a northeast-southwest (.IST. 
60 B.) direction and separated by the valley of the Kosario Eivei’. 
The northwestern range begins in Fatoccot }?oint near which it reaches 
elevations of about 300 meters. It reaches the altitude 987 meters in 


its highest peak, «and then dies in the plains. The southeast range, 
extends inland from Malabugo Point. Mount Loboo near the coast lias 
an elevation of 946 meters. To the northeast the range lowers to elciva- 
tions of about 400 meters and then descends to the plains. 

SouiJiwestern volcanic region . — The larger part of this region consists 
of plains of volcanic tuff sloping toward the sea, Bay Lake, and Manila 
Bay. Deposits of tuff and volcanic breccias and agglomerates are found 
on the east border overlying and obscuring the structure of the eastern 
cordillera. Within the region of the tuff, there are conspicuous moun- 
tains of eruptive rocks, volcanic peaks, the active volcano Taal, a number 
of small crater lakes, and some extinct cinder cones. The higiiest moun- 
tain is the extinct volcanic cone Banahao, having an elevation of 2,151: 
meters and containing a deep crater which drains to the southwest. The 
high conical peak Banahao de Lueban is on its northeastern flank and 
on its southwestern, the, small peak Masalaeot, and some lesser conspicuous 
hills. ' Mount B'Sh' Cristobal lies, to, the northwest, of Banalmo and is a 
:High;'"extinct ,volcanie/'eone 'containing three .small lakes 'in its crater. 


Banahih’ an, d, , San. Cristobal' are most impressive as seen 'from, Tayabas 
Bay when approaching Lucena from the west. They can sometimes be 
seen from Manila, a favorable view point being th^e Ay^a Bridge* Mount 
Maquiling is next in importance with an elevation of 1,091 meters. It 
; ^ umally visiMe from Manila BTa^hor or the bay ^front and is conspicuous 

Lake, being situated close to its 
"Wheu seen irom Santo 
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ilot springs. At Los Ba-nos these are utilized by the military saiiitariiiiii 
and piiyate institutions. There are thus thre,e mountains. Banahao, 
San Cristobal, and Maquiling, retaining evidence of former volcanic 
activity. 

To the east of Maquiling and to the northwest of San Cristobal there 
is an important group of lower mountains lying between Calaiian and 
x'lagcaiiang. 

The next important mountain is Malarayat-Sosoneanibing, having an 
elevation of 1,005 meters. It is a rough, ridge-like mass extending from 
north to south, and lying to the south of Maquiling. Mount Macolod 
on the southeast shore of Taal Lake has an elevation of 958 meters. 
A striking feature of this mountain as seen from the north or south is a 
high precipice facing Lake Taal. 

Mount Gonzales, to the north of Lake Taal, with an elevation of 749 
meters, has rugged . slopes and spurs to the east and northeast. To the 
west it blends with a high ridge of volcanic tuff which runs in a curve to 
the southwest, joining Mount Batulao. This mountain has an elevation 
of 807 meters and its slopes to the' west and south form an area of broken 
country. A group of peaks to the northwest of Mount Batulao forms a 
small mountain mass, the highest point of which is Mount Carilao, eleva- 
tion 636 meters. Looking south and a little west from Manila, Mount 
Gonzales is visible, the ridge running from it to Batulao and the tuff 
plains sloping toward Manila Bay. Mount Caralao appears on the 
western limit of this sloping plain in the gap between Mount Batixlao 
and the Pico de Loro Moimtams. 

This concludes the catalogue of the principal mountains which are 
hei'e classified as within the tuff plains. They are neo-voleanic and taken 
as a whole exhibit no well-defined trend. The watershed between the 
streams which fl^ow northward and those which fi.ow southward in the 
tuff plains pass^ through Banahao, Cristobal, Gonzales, and Batulao. 
The divide does not pass through mountain pealis between Cristobal and 
Gonzales, but takes an irregular course through the plains. On the 
south the streams flow into Balayan, Batangas, or Tayabas Bays, The 
division into these three groups is determined by the mountainous 
peninsular areas separating the bays. The nortwai*d-fl.owmg streams 
enter Manila Bay or Bay Lake. The division into these two groups is 
marked by a ridge presenting an escarpment to the east and extending 
from Mount Gonzales northward to where it is cut by the Pasig Eiver 
which drains Bay Lake, and beyond this continuing to the east of the 
Mariquina River until it approaches, the foothills of the' eastern cordillera. 
The reasons for these .various divisions of' the drainage will be' made 
more 'dear when the deposition of^ the: tuff,,' the: elevation, qf ihe regie, n 
'and, the origin, of B’ayXakeare discussed.;^ ,, 

The remainingrnountains 'of ,tliis 're^on, are' in ’,,'penmsnlar areas.' ' '"The 



64 


ADAMS. 


Pico de Loro Mountains on the northwestern part of the region^ as 
has already been stated,, are geologically a part of the western cordillera. 
In the s out iiw^es tern paid of the region there is an area of high country 
which occupies what is here called the Santiago Peninsula. To the 
north it contains an eminence termed Mount Masiigbu and on its eastern 
border there is a short serrate range presenting an escarpment to the 
eastw’ard. Mount San Pedrino on this range has an elevation of 362 
meters. 

Calumpan Peninsula between Balayan and Batangas Bay is a moun- 
tainous area with its highest pealcs rising to elevations of from 320 to 
562 meters. 

The relation of these peninsular areas to the neo-volcaiiic mountains 
already described is not clear. It appears probable that Santiago 
Peninsula has a core of igneous rocks. Calumpan Peninsula and the 
Lohoo Mountain region are separated from Maricaban and Verde Islands 
by rather narrow channels and are not far distant from the high moun- 
tainous island of Mindoro. Moreover, all three of the peninsular areas 
appear to have been made parts of Luzon by the extension of the tuff 
deposits which were not sufficient to fill the intervening hays. 

Taal Volcano, surrounded by a number of small extinct parasitic 
cones, is near the center .of an island in Lake Taal. The highest point 
of the island is on the southwest rim of the crater which reaches an 
elevation of 320 meters. The floor of the crater is at about the same 
level as the water of the lake and but little above sea level. Mention 
has already been made of the high ridge connecting Mount Gonzales and 
Mount Batulao. Its slope to the north is gradual, but on the south it 
presents an escarpment along its eastern part which faces Taal Lake, 
and further to the west the country to the south of its crest is broken 
and dissected by deep vallej’S in the part adjacent to Mount Batulao. 
The country around the southern border of the lake lies at elevations 
varying from 200 to 300 meters near the lakers shores, which in many 
places are steep and even precipitous. Mount Macolod when seen from 
a distance appears to have a precipitous face rising from the shore of 
Taal Lake. On nearer examination this is not so striking a feature. 

The area lying between Maquiling and Malarayat Mountains on the 
west and Cristobal and Banahao on the east, may be called the crater lake 
conn'try., Within it, 'distributed in, an, irregular way, there' are 'twelve' of 
these lakes; varying from a half to more than one kilometer in diameter. 
They Me, in the iuiE^plams;thei^^ rims Aisin^ but a few meters above' the 
general level of the country. ■ There is hut little evidence of them until 
one stands upon their borders. , The coconut groves and other vegetation 
disguise their presence sO that passers by on a road within a minute’s 
nf , thtee mt jpiow of ite existence* '■ The lake to 

may bor^aohed by walking to the end of one of'. 
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the streets of the town. Some of the lakes are probably very deep, 
while others are shallow and show evidence of filling up, and in one 
case a part of the bed is cultivated. The walls are usually steep and 
the level of some of the lakes is as much 30 or 40 meters below the rini. 
Outside this preeminently crater-lake country there is a well-known 
crater lake on a peninsula just to the west of Los Baiios. A small one 
to the southwest of Nasugbu, pi'obably lies in the remnants of a once 
•well-defined crater. 

A few cinder cones are shown on the geologic map. There is one to 
the northeast of Batangas, another is situated just north of Xew Eosario, 
and a third lies to the south of Lipa. These small Mils Iiave a conical 
appearance when seen from a distance, but upon close examination are 
found to have a crescentic plan, or a central depression indicating the 
position of the crater. Tnluc Hill, between Santo Tomas and Calamba 
near Bigaa and to the west of the road, is probably a cinder cone, but 
shows no crater. La i\Iesa Hill, south of Calamba, is a cinder cone with 
a slight depression indicating a crater. Around it there is a crescentic 
outer crater. Similarly, Pansol Hill and IMayzondon Hill, near, Los 
Baiios, are probably remnants of cinder cones. A careful survey will 
probably disclose others. 

The stream valleys in the area of the tui! plains are consequent and 
nearly all flow in deep, narrow, gorge-like valleys for the greater part 
of their courses, so that the best routes of travel lie between the streams. 
To the north of Mount Banahao the country adjacent to the eastern 
cordillera is an upland. Hearly all the streams which flow from this 
area have picturesque falls or gorges. Pagsaujan Gorge and the falls 
near Pagsaujan, as well as Botocan Palls between Majayjay and Luisiana, 
are noted for their scenic beauty and are visited by many tourists. In- 
deed, Taal Yoleano and Lake, the hot springs at Los Banos, the crater- 
lake eountr}' and the falls and gorges just mentioned, combined with 
the imposing views of volcanic mountains, make this region one of the 
most inviting to tourists in the Philippines. The extension of the Ba- 
tangas railway lines and the constructing of more good roads will 
certainly make it one of the most interesting scenic districts of the Is- 
lands. 

GEOLOGY. 

WESTERN CORDILLERA. 

Geologic mapping , — The only geologic mapping within the region of 
the western or Zambales cordillera which has previously been published 
is' by Yon Brasche, Plate L, He quotes EotMs statements in regard 
to the rocks of the Hatib, Mariveles and Pico de Loro Mountain masses 
' 'and, sayS' that, accepting this, he colored the corresponding part of' his 
, map asAolerite. ' He did 'not, visit the area. ,' Further north, and Just 
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beyond the area discussed in this report, he ascended the foothills of the 
cordillera ^Yhieh form a ridge to the west of Porac. He colored the 
area corresponding to tlie axis of this ridge as dolerite and surrounding 
it he showed a border of doleritic tuff. The remaining deseriptions of 
the western cordillera by Yon Drasche ai'e accompanied by only a route 
map. Becker has recently studied some rocks from the region Avhich 
Eoth classed as dolerites and, with the exception of a dike of dacite on 
Corregidor Island, has pronounced them andesites. *Iii this report the 
igneous rocks of the portion of the western cordillera which is included 
in the geologic map are classed as ^‘principally andesites/'^ The larger 
alluvial areas are shoAvn and the occurrence of marine conglomerates 
lying on the flanks of the andesites is partially indicated. 

Besides descriptions of the occurrences of various types of igneous 
rocks, there are, in the literature conceiming the northern part of the 
western cordillera, references to older sedimentaries (slates), limestones, 
and a tuffaceous foraminiferal marl. These formations will now be 
discussed under separate headings. 

Older sedimentaries , — ilbella says, in describing tlie geology of the 
vicinity of the hot springs at Canan which are situated kilometers 
west of O^Donnell and to the north of the limits of the geologic map 
accompanying this report: '•'The land in which all these springs appear 
is of an alluvial nature, but of little thickness in the vicinity of Canan, 
since in the bed of the Malibi and the lower slopes of Oosipen and 
Marangla there appear strata of compact clayey slates with an ancient 
appearance striking EHE. and WSW. with dips of 25 ° ISTHW. This 
slate formation is cut by dikes of beautiful sanidine- trachyte witli a 
porphyritic texture which appear on one side in slopes of the Hills 
Marangla and Oosilen and on the other between the town and the 
Capatiaa River forming the volcanic line of the Hills Dayagdag, Taogan, 
and Patlxn/" ' 

This is the only mention of a locality of older sedimentaries in the 
Zambales Mountains which has been noted. However, it should be 
remembered that Yon Drasche says that the Porae River brings down 
hard, flinty slates. 

^ roofed— The, specimens of igneous rocks which were collected 

'from, the western '.cordillera; during: the progress of field work ^are 
,;\priBcipaily ' mdeeite, There" are ■some- basalts and in ,one'^ locality hV 

* The writer is not a eompetent petrographer but in the course of his field work 
collected hand specimens of .the various rocks. The microscopic determinations 
have made by Pr. W. P. Smith and Mr* H. G. FergusPn,* whose assistance 

In this number of this Journal a 
will by Prof. J. P. 

W pf^regyapMo part of this report. 
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clacite. Besides these extensive I'oeks there are gahbros and peridotites 
and some inetadiorites. 

The southern part of the cordillera in Bataan Province "^vas mapped as 
dolerite by Yon Drasche following the statements of Eoth. Becker, 
who examined rocks found near Mariveles. classified them as andesites. 
Pie says that tliey vary from the basaltic to the trach}d;ic type^ but they 
are all essentially labradorite rocks without opliitic structure and that 
for the most part they are pyroxene-andesites containing aiigite and a 
diehroic, rhombic pyroxene^ but one gray rock quarried (at Sisiniaii) 
for use in Manila is hornblendic. He says that he is rather explicit 
about the rocks of this locality because Eoth calls the rocks of this 
region dolerites. Further on he remarks that the rocks of the Semper 
collections from Mariveles correspond with his own in most respects, 
being labradorite rocks more or less glassy without ophitic structure, 
and that portions of the Mariveles .rocks examined by Oebbecke were 
found to carry hornblende in addition to augite^ and some grains of a 
mineral^ which is probably olivine, were detected. The Pico de Loro 
Mountains south of the entrance to Manila Bay were classed by Eoth as 
doleritic. The specimens obtained from this area are andesites, in 
every respect similar to those of the Mariveles coast. 

The dacite which was discovered by Becker on Corregidor Island was 
described by him. He says in part : “"Tt is blindingly white and shows 
to the naked eye besides feldspar only some quartzes and minute opaque 
mica scales. . . . The bulk of the rock is made up of feldspar miero- 
lites with just a sprinkling of magnetite and a little apatite. ... 

Yon Drasche crossed the cordillera to the north of the area here under 
discussion. In describing the structure along his route from O'Doiinel 
to Iba, he says : 'Tt appears that the sierra consists principally of dioritic 
and peculiar diabase gabbro rocks which often exhibit bedded structure. 
These rocks are in intimate relation with ordinary gahbros and serpentines. 
On the eastern slope of the southern half of the sierra one finds these 
rocks overlaid by a thick^ trach}d:ic tuff formation which incloses numerous 
fragments of trachyte. This tuff can be traced up to the watershed 
(pass) at a height of 3^000 feet and to the east it is related to the plains 
of Pampanga (central valley), the floor of which consists principally 
of the weathered products derived from it The crystalline rocks must 
be broken through at ' numerous points by trachyte, since such rocks 
are found in great numbers among the bowlders derived from the sierra f 
’ He describes especially what he called a sanidine hornblende-trachyte 
found near Porac, and Abella the occurrence of a similar "Sanidine 
trachyte'^ with porphyritic texture which he found cutting older slates 
nea^ O'Donnel. Smith hm shoTO this rock to contain chiefly plagioclase 
feldspars and to form Mount Pinatubo. At Olongapb there is a small 
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hill of it near the naval station which is quarried for use as crtished 
stone. It is found as bowlders in many streams and it undoubtedly 
constitutes a large part of the cordillera in the region of the J?inatubo 
group of mountains. It is possible to identify Yon Drasche^s ^drachytes’’^ 
by means of the distribution and habit of this rock. Usually it has a 
coarse porphyritic texture^ contains conspicuous glassy feldspars, and 
is very friable. 

The diabase gabbro rocks mentioned by Yon Drasclie are represented 
in the collection at hand. Some gabbros, peridotites pyroxenites and 
serpentines were found near Subig in the Cinco Picos Mountains. 

Basaltic rocks were found to the west of Ploiudablanca at the foot of 
the cordillera, in the vicinity of Subig, and in Mariveles Mountain, but 
they are not conspicuous. 

Hoehstetter, in his map of the volcanoes of Luzon, indicates Corregidor 
Island, Mount Mariveles, Mount Batilao or Uatib and Mount Pico 
de Loro as extinct volcanoes. As will be explained in this chapter, 
Corregidor consists largely of marine conglomerates. Mo\mt Mariveles 
has somewhat the appearance of a volcanic cone and the form of its 
summit suggests a crater with the northern part of its rim broken down. 
The quarry at Sisiman on the coast at the south base of the mountain 
shows columnar structure, and the hill in which the quarry is located 
may be a small volcanic neck or stock. There ai^e no solfataras in the 
western cordillera and volcanic activity has long since ceased. The 
younger igneous rocks are eruptives and at certain centers, as for example 
Mount Mariveles and Mount Pinatuho there probably at one time were 
volcanoes which gave origin to the tuffs found on the flanks of the range, 
but it certainly is not correct to class these eruptive centers as extinct 
volcanoes along with those which are found in the southeastern and 
southwestern volcanic regions of Luzon. 

Limesimes , — Roth cites Gallery as reporting the occurreuce at a dis- 
tance of 4 leagues west of Sual, of a belt of coarse limestone and travertine 
having a width of 2 leagues, resting horizontally and containing decapod 
crustaceans. This locality which is near the northern termination of 
The western cordillera' and, on its eastern base' not far from the Gulf of 
'liingayen,is too" distant .from the "area discussed in this report to warrant 
exaiAination at'.thlS' It; is; 'the, only occurrence, of a limestone 
formation' which is':,' at; , all ' deflnitely reported ' from this cordillera. The 


'fact' 'of 'its, being' 'hbrizon'^■''S^ it is probably younger than 'tlie 

cordillera and, without wishing to prejudice future observers, it is sug- 
gested that it may be the equivalent of the tufaceous foraminiferal marls 
'by 'fm as occafring near Santa Cruz on the west side 

In it ijiay he 'well to note that Von 

sedimentary formations. 
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dillera near that place. The writer^, after considerable field work, has 
concluded that the c urn's statement may he dismissed as haring no value 
in the literature. 

Smithy who made a hurried trip through Subig^ on his way to ascend 
Mount Pinatubo, states in his report that he judged from the appearance 
of the country that there are limestones and shales in the region sur- 
rounding the bay. The writer found none and was unable to learn of 
any through inquiry. 

Finally it should be mentioned that Roth^ without any seeming basis, 
and without any subsequent substantiation unless it be the statement 
by the cura reported by Von Drasehe, says^ in discussing the oecuiTenee 
of limestones in Luzon^ that probably the abrupt peaks in the region 
which corresponds to the position of the Pinatubo group of mountains 
are composed of the same limestones which are found near Antipolo and 
Bosoboso in the eastern cordillera. This statement is without value 
since the peaks are now known to be formed of eruptives. 

Marine conglomerates . — The only reference to a locality of marine 
conglomerates on the flanks of the western cordillera is in the report on 
the Sisiman quarry by lekis. He sajs^ ‘^^long the path north of the 
blacksmith shop, and directly below Mr. hTelson^s home^ occurs a 10-foot 
bank having the appearance of a conglomerate, while further north on 
the same path the bank is very soft resembling tufl. Both these occur- 
rences may result from weathering and washing down of the andesite.^^ 
Ickis did not recognize the significance of this conglomerate as he 
probably would have had he seen more typical exposures. It is found 
east of Sisiman Bay and also on the point west of the entrance to Ma- 
ri veles Bay, where in a cove it forms a sheer bluff 30 meters high. The 
vrriter first studied the conglomerate on Corregidor Island, which locality 
will now be discussed. 

An erroneous idea in regard to the character of Corregidor Island is 
presented by several writem, none of whom, however, has made a careful 
examination of the locality. It seems to have had its inception in the 
statement by Ton Kotzebue that it contains a crater. This idea, which 
has even become popular^, is most fully elaborated by Ton Drasche, who 
says, 

''The entrance to the hay has a width of 10 sea miles but is narrowed by two 
islands. One of them, Corregidor, is nearly three and a half sea miles long and 
is composed of lava beds. Von Kotzebue, according to J. Roth, mentions a crater 
upon it. Although I likewise did not visit this island, nevertheless, I had 
opportunity to pass both to the north and south of it and noticed only slightly 
dipping lava beds. To the south of it lies the small island, Fulo Caballo.” In 
his paper he has a text figure which shows both islands with the , soundings taken 
from the chart of the Bay of Manila by Claudis Montearo, 

“According to this sketch it appears that the two isjands were once joined to rhe 
east, hut now they are separated by a depth of St meters. Also the soundings 
. -Sti^at'"thdt " the'' twO' islands' once formed ,a circular mountain.'With^ a deep crater 
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■vvithiii. A close examination of the direction of dip of the lava bods would give 
definite conclusions in regard to this.” 

To the west of Corregidor there is the small volcanic island La iMonja and to 
the south the rock El Fraile. These also show clearly that ihey are formed of 
lava.” 


Becker refers to tlie statoineiiis of Yon Dj’aschc wBieh suggest iliaf: 
Corregidor and Caballo Islands are ])aris of the riiu (vf a large crater and 
says that this also appeared probable to liini during bis visit to those 


islands. 

The only I'eeord of an actual examination of any part of Coringidor 
appears in the mitings of Becker, who says: found an interesting 

dacito on the Island of Corregidor, at the entrance to j\Ianila Bay. It 
forms a wide irregular dike crossing tlie island, from north to south 
Just east of the little settlement of San Jose, and terminates in a bold 
white cliff visible frona the south passage or Boca Grande.^’ Tie rl escribed 
in detail the appearance and microscopic structure of tlie rock. 

This is the only exposure of igneous rock which was seen on the island. 
Becker says the dacite is a dike but he does not state what I'ocks it cuts. 
With the exception of the bluff on the south side of the island it is 
surrounded and partially overlaid by marine conglomerates with, a 
variable matrix which grades into, thick beds of finer sedimonts. The 
conglomerate is exposed in vertical bluffs around the western part of 
the island and on the eastern part it is weathered and shows stratification 
and slight folding and some faulting. On the main part of the island 
the conglomerate was seen well exposed in the excavations made for 
fortifications up to an altitude of about 150 meters. Tdie highest point 
of the island is about 200 meters above the sea. There are no good 
exposures on this dome-shaped portion, but there are numerous bowlders 
lying on the surface and imbedded in the surface clay. These arc 
andesites and it is probable that there is a mass of andesitic rock which 
forms the core of the higher, western part of the island and the bowlders 
in the eongiomerate have been derived from it. There arc no lava beds 


on the island, but the matrix of the conglomerate and the beds of finer 
sediments 'Contain, tuff „ and volcanic ash evidently from distant sources. 
The yeaetern part, or tail' of the island, as it is called, has an average 
■elevation, of about 75 meters ,and in so far as seen consists of conglomerate 
bfidsi-^Whe'^' present: position of ^ marine 'conglomerates indicates an 

v'elevhtiou' ofBCprr^idor ^ of about- 200’ me.ters. ' They are'* the ' 
equivalent of those found on the mainland near Sisiman and Mariveles/ 
Exposures of conglomerate, were seen up ,tp an elevatm of 100 meters 
.at Olongapo on the ridge to the north of the Calacan Biver and to the 

bluff of conglomerate facing tbe 
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tlie entrance to Manila Bay. The lower slopes of the mountains descended 
to tlie coast gradualty and at the shore are cut oif abruptly- in sea cliffs. 
In these cliffs the marine congiomerates are well exposed. West of Ter- 
nate they are in niam^ respects similar to the beds on Corregidor Island. 
They were also seen in the cliffs of Carabao and other islands near the 
shorn and in the jagged coast line south, to the vicinit}’’ of Nasug] 3 u. 
In this part of the coast, which is exposed toward the China Sea, they 
have yielded more readily to erosion, and deep inlets and coves have 
been formed. The conglomerates are found up to .an elevation of about 
SOO meters north of Wasugbu. The bowlders in the conglomerate are 
mostly andesitic. The finer materials are in part derived from erosion 
of igneous rocks, but to a considerable extent they are tufaceoiis. Some 
of the tufaeeous material may have come from the denudation of deposits 
on the mountains of the western cordillera, but it is probable that miicdi 
of it is the equivalent of the great tuff area found in the southwestern 
volcanic region. This is suggested by the fact that the Pico de Loro 
Mountains on their eastern flank are partially overlaid by water-laid 
tuffs. Near Ternate and Naic the conglomerates apparently grade into 
the deposits of water-laid tuffs which have a great extent in the adjacent 
plains. 

Tufaeeous formniniferal marls , — tufaeeous foraminiferal piarL 
which was discovered and described by Yon Drasche, occurs on' the 
westeni base of the sierra along the- coast from Palanag to Santa Cruz 
and perhaps further noiih. This author reports it as extending up to 
an elevation of 400 feet. Pelix Xarrer determined the fossils from this 
formation and assigned it to the younger Miocene. This foiunation may 
correspond to the marine conglomerates which are found on the flanks 
of the southern portion of the cordillei’a. 

Geologic history . — The early history of the western cordillera and the 
succession of the igneous rocks which constitute its principal area is not 
yet plain. The younger sedimentaries on its flanks, however, give a key 
to some of the later changes which have taken place. Yon Drasche, who 
crossed the northern part of the range, says: "There may have been a 
time when the sierra Zambales (western cordillera) stood in the sea in a 
form similar to that which Paragua Island (Palawan) now has. On 
the west of the island the foraminiferal marl was built up from the 
"Volcanic ^detritus ^ under ' the action .of the sea, while on the east it was 
covered by a heavy mass of tuff mixed with bowlders of volcanic rock. 
Through continued uplift the great central plain of Luzon finally became 
dry land and apparently it is even yet rising.^^ 

J ,, TLp relh’^ons "{>f the marine conglomerates ’ described in this report 

supposition ^ of Yon Drasche, 'which was 
f f -the? forTOxinifeml marls, and indicate ^ an 
much as 200 meters^ ^ Lfi 
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the accompanying sketch inap^ fig. 2^, the author has attempted a recon- 
struction of the land area of southwestern Luzon as it was before tlie 
emergence of the sediments found on the flank of the western cordillera. 
The Pico de Loro Mountains were probably an island as were also those 
of the Mariyeles and Cinco Picos groups. The Natib Mountains foi’ined 
a peninsula from the mainland which included the Ifinatubo grou[). 



Fig. 2-"— Skbtch Map Showing Pbobabus.Ijano Ahbas Bhfoeei the B'MBBGbnc® of 

THE CENTHAp PLAIN A NO THE PLAINS OF THE SOUTHWE STEEN VOLCANIC REGION, 


.Goisregidor', Island, ivas^ loyr lying', and probably, as erosion progressed, it 
was reduced to a ^oah The area corresponding to the central plain of 
Lflzon was a broad: strait. ' ■ ' ' " ; , “ 


■' I; ''Am 


' , _ ^ ^ ’ • >' ; OKRr^i, mAiH brgiok. 

^ ^of fefe' regiofi toduded within the area described in this 

formation. To 

%,'we6iteTii cOT^iHera; 
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TO tlie east, tlie aliiiviiim overlies a water-lairl raff I'oniiatioii ivhtCii in 
turn extends to tlie foot of the eastern cordillera. 

Inasniucli as this region consists very largely of lov-h-iag land, there 
are hut few exposures in which the formations may be studied. However, 
fortunately, a large number of wells have been drilled and tlie reeoi'Js 
of these throw some light on the stratification of the alluvial deposits 
and their relation to the underlying marine sediments wliicli are not ex- 
posed and the tuff which forms a belt on the east side of the region and 
extends under tlie alluvium. Xo tvells have been drilled in the western 


part of the area and there the relations are not so well understood. 

^Yatcr-laid tuff . — This formation is a continuation of the tuff which 
has a wide extension in the southeastern volcanic region. It is usually 
clearly stratified and exhibits beds of variable thicknes 
grades into clat'ey, somewhat shaley beds and it oc- 
casionally contains a conglomeratic phase, especially 
near the foothills of the eastern cordillera. It is 
probable that a large part of the tuff deposits was 
tlirown out b}’ the volcanoes of the southwestern 
region, but certainly some sediments must have been 
derived from the adjacent cordillera. 

The records of the wells which have been drilled 



in the tuff show occasional beds of marine sands 
and some strata which are composed of waterworn 
gravels and fine pebbles. Occasionally a log of 
wo<xI has been encountered in drilling, and plant 
remains, fish teeth (fig. 3), and one mammalian 


Fig. 3. — Shark’s teeth 
(Sqmlidael) found 
in a railway cut in 
water-laid tuff on the 
crest of the ridge 
between Bay Lake 
and Manila Bay. 


tooth have been found in the beds. The presence of the plant remain's 
has been recorded by many observers. The greatest depth at which a 
log of wood has been found is in the Alabang wells south- 
east of Manila, where on w^as cut by the drill at a depth 
of between 130 and 132 meters. The mammalian tooth 
(fig. 4) was obtained from the Pasig well at’ a depth 
somewhere between 81 and 85 meters. 



ISTo tuff formation is exposed on the western border 
of the central plains within the area discussed in this 
report. It will be remembered that the marine conglom- 
erates on the flanks of the western cordillera are cor- 
related with the tuff deposits of the southeastern volcanic 
region, but these conglomerates have not yet been seen 
adjacent to the central plain. Von Drasehe saw, at 
Porac to the north of Pioridablanca, a tuff formation 


Pig, 4.’ — Mamma- 
lian tooth ( cf . 
antelopes of the 
Siwalik plio- 
cene of India) 
found at a 
depth of be- 
tween 81 and 
85 meters in 
drilling a well 
at Pasig. 


in an excavation that had been made for laying the foundations of 
a 'Church. It 'there consists of layers ,of 'Sand' with 'fragments' of rock, 
similar' to those'' commonly presented in the western, cordillera; and clay. 
hedsTnterstratified.' '' Von. Brnsthe was'of the opinion 'that the' fragments 
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of stone sliould be classed as volcanic bombs. ISTcar Porac he discovered 
a dolerite tnff formation, which he described as extending up onto tlie 
flanks of the cordillera to an elevation of 1,000 meters. He doubted if 
the whole formation had been deposited in water. Tlie part of this tuit 
formation adjacent to the plains near Camp Stotsenberg is prol)a])]y 
water laid. Both Po]*ac and Camp Stotsenberg lie well to the north of 
the area which is mapped in this report, but the formation obtained at 
these localities proves that the tnff formation extends under the alluvium 
and it is probable that it will, be encountered in drilling wells near the 
western border of the plains. The exposni’es of the tuff near Camp 
Stotsenberg difer so materially in their general appearance from the 
tuffs of the eastern border of the central plains that they can not be 
correlated on lithologic grounds. 

AUuvium. — The part of the central plain included in the geologic 
map is very largely occupied by the delta of the Pampanga Eiver, which 
forms a network of channels dividing the delta into many islands. 
These island areas are but little above sea level and many of them are 
partially overflowed at high tide; those lying lower are occupied 1)y 
groves of mangroves and nipa palms. West of the delta the alluvium 
rises toward the mountains and has the form of an aggraded plain. The 
part of the plain 'which *i’eceives drainage from the westeim cordillera 
may be distinguished by the presence of the plagioclase sand and frag- 
jnents of andesitic rocks which give rise to the sandy soil. The eastern 
border of the delta system is limited by contact with the tiifi formation, 
and the sediments which reach it from the eastern cordillera are car- 
ried by streams which how in deep, well-defined channels. The larger 
streams which head in the mountains carry sand and gravel. There is a 
deposit of gi'avel at Caloocan which probably represents a former delta 
deposit of the Tinajeros Eiver, which now flows to the north of the town 
at a lower level. This bed of gravel, as shown by tlie records of wells at 
Caloocan, is about 30 meters thick. Tlie sediment brought by the Pani- 
panga Eiver to the head of the delta is nearly devoid of gravel. 

While the alluvial deposit covers a large part of the central plains as 
a thin veneer, undeiiieath it there is a series of beds which are marine, 
or at least deposited in brackish water. These beds are encountered in 
drilling wells and may be distinguished by the presence of numerous 
shells and marine silts and muds. At Tarlac, which lies near the eastern 
border of the plain and a little more than halfway from Manila to 
Daglipan, shell beds are found at a depth of about 4 meters. Details of 
'their ^oectirtenee are given by 'Centeno, who states that 'shafts were sunk 
;; to the,' beds; in , order^ to obtain the .shells , for burning lime. , This ' oc-' 
currence, together with the records of the wells, would seem to prove that 
marine sediments .underlie ^ large part of t% pkim It is probAle 
that ^ stemt ' once ^tended fron;^ ' llanik Bay northward to Idngayeti 
' and tha| the^ gradual of tlhe Island of Luzon transferred 
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this area into low-lying land and it has been gradually aggraded and 
extended by the sediments brought by the riTer system. 

The southern end of the Candaba swamp which has a larger extent 
beyond the limits of the geologic map^ lies on the eastern border of the 
alluvial area^ between Baliuag and Apalit. A part of this swamp is 
included within the alluvial area of the geologic map. During the 
rainy season it is partially overflowed, but during the dry months a 
large portion of it is cultivated. There has been some talk of attempting 
to reclaim it to cultivation by means of drainage canals. 

Yarious opinions are current in regard to the origin of this swamp; 
one is that it represents a remnant of the retreating sea which has been 
freshened^, and^ in support of this view, it is stated that it contains a 
brackish water fauna. However^, since it receives a large amount of 
fresh water during the rainy season^ and has outlets, there is little reason 
to believe that it contains any salts which remain as a result of the 
impounding of an arm of the sea. A second theory in regard to this 
swamp is that it represents an area of subsidence. This is not very 
fully discussed in any writings^ but is somewhat substantiated by Genteno^s 
report on the earthquake of 1880, in which he records that a great many 
cracks opened in INueva ficija Province along a zone which, if continued 
southward, would pass near the Candaba swamp. A simple explanation 
is that the Candaba swamp represents an area which lying between the 
main channel of the Pampanga Eiver and the Quiangan Eiver, has failed 
to receive sufficient sediments to build it up as rapidly as the remaining 
portion of the delta. 

EASTERN CORDILEEBA- 

Some of the earlier descriptions of the fonnations of this region are 
faulty, and certain of the conclusions reached are based upon reports 
that have since proved untrustworthy and conjectures which were sup- 
ported by no reliable information. This is especially true in regard to 
the so-called older crystallines and slates and the possibility of the 
presence of the Carboniferous. 

Schists . — On Von Drasche^s map two areas of older crystallines are 
shown in the eastern cordillera. The color representing them bears the 
sub-legend ^^Gneiss, Chlorite-hornblende schist, ete.’^ The northern area, 
lying to the east of Angat, was not visited by Von Drasche, and it is 
probable, as Becker has suggested, that this area was mapped on the 
strength of Itier^s statement which is quoted by Von Drasche as follows: 
*^Tn Angat at the base of the foothills of the cordillera of Luzon, there 
exists no evidence of volcanic products, and the rocks carried by the 
river are diorite amygdaloid, spilite amygdaloid, diabase, epidote, dolomite 
and porphyry . . . Both says that the iron deposits near Angat 
indicate the presence of crystalline slates, but Ms course of reasoning is 
not clear. It is possible that he was influenced by the fact that iron 
^'deposits ih® Camarines associated with older crystalline. 
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McCaskey, wlio made a reconnaissance of the region of the iron mines 
near Angat, lays special stress on the. fact tliat his observations justify 
Yon DrascheA mapping of the area as older crystallines^ but he reported 
finding fine-grained diorite, a graimlite (quartz and feldspar wiih iiorn- 
hlende or mica);, a gabbrOj and a rose-red trachyie. hie maln^s no 
mention of gneisses or schists^ and accordingly it is questionable it any 
are to be found. 

The southern area of schists mapped by Yon Draschc lies to the 
soutinvest of Atimonan^ and vims seen by him in crossing from Laguinianoe 
to Atiinonan. He “^^On the eastern slope one finds finally a green 
schistose ehloritic talcose^ but very decomposed rock, that in general 
lias a steep dip to the eastward, while the tuff beds for the most part 
dip to the southward/’’ 

In crossing the eastern cordillera from Lneena via Pagbalao, to 
Atimonan, a micaceous schist was found about 5 kilometers west of Ati- 
monan. On the accompanying geologic map this outcrop is included 
with Yon Drasche‘’s locality in a single area. The significance of these 
schists is not clear, but it is quite possible that they are metamorphosed 
Tertiary sediments. 

Biorites , — ^YTthin the area here discussed, the first locality mentioned 
as containing older rocks is the region to the east of Montalbaii, where 
the dam for the iieadworks of the water supply of Manila is now being 
constructed in a gorge between two limestone cliffs on the San Mateo 
Eiver. In the literature, this is spoken of as the limestone cave region 
of San Mateo, although it is distant from the latter place. Becker cites 
Meyer as observing that the limestone in which the caves are found 
rests upon diorite. Yon Drasche, who visited the locality later^ did not 
describe such an occurrence, but he says: ^“^The bowlders of this river 
consist for the most part of older syenitie rocks, diorite, etc., and a 
little trachyte/^ He described the relations of the limestones a short 


distance to the north (Foray Creek), but made no mention of diorite 
near it. In making the reconnaissance on which this report is based, 
no diorite was found at the locality of the limestone: 

Itier says: 'Tn Angat, at the base of the foothills of the cordillera of 
litrzon, there exist no evidence of volcanic products and the rocks carried 
by the river are diorite, amygdaloid, spilite (amygdaloidal diabase), epi« 
dote, dololnife, pprphyry . . 


Some of the streams of the eastern cordillera bring down diorite peb-- 
bles. Diqrites are now known to occur in the region. At ^he iron 
deposits on the Hanatin Eiver^ worked by the Spanish and described later 
in this report, the writer fpuhd^an area, of diorite, a part of which is 

tife .Wt passes Montalhan. l^e%r the 
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Becker, in siininiing np what was known’ eoneeriiiiig the older rocks 
of the Philippine Archipelago, said that there is no inconsistencj in 
Abella's generalization that the dioritic rocks are tlie oldest in the 
Pliilippines if the schists of similar composition are included under the 
head of dioritic rocks. In the reports by Eveland on the Mancayan- 
Snyoc mineral region and the Baguio mineral district, the basal rocks 
are stated to be diorites : thus concumng t\i.th Abella's views concerning 
the central cordillera of Luzon, on- the western slope of which these 
districts are located, far to the north of the area here under discussion. 
However, there are no grounds for this conclusion. The oldest rocks so 
far as now known are a complex containing gabbros accompanied by 
periodites and pyroxenites besides some diorite and granite. 

A?uIesHe $. — In the northern part of the region under discussion, 
andesitic pebbles are very commonly found among the stream gravels, 
and many of the mountains have probably been formed by the eruption 
of andesites. The andesites in Jala j ala Peninsula, which the writer has 
seen, were described by Pioth as dolerites. The northward continuation 
of this area was crossed by Ickis, who indicated its borders in his section 
from Infanta to Tanay. Ickis also described an area of andesites further 
to the east near Infanta and separated from the one just mentioned by 
a belt of sedimentaries. -On the geologic map aeeompan 3 ung this report 
tliGSo areas are indicated approximately, and also some additional ones 
which were seen by the writer in traveling from Antipolo to Santa Inez. 

Basalts. — A greenish, ophitic basalt outcrops in the vicinit}* of Ango- 
no, and extends northward passing to the east of Taytay, and is exposed 
in some of the railway cuts on the line between Taytay and xAutipolo. 
In places the rock has a fine-grained texture and is frequently hrecciated 
and in places is amygdaloidal. The outcrops indicate an eruptive mass 
trending a little to the west of north, the basalts and the limestone belt 
further to the east being approximately parallel with it. To the south- 
east of x4ngono this rock is overlain by later basaltic tuffs and breccias. 
The best known occurrence of basaltic rocks in the part of tlie eastern 
cordillera covered by this report is situated in the peninsular area on 
which the towns of Binangonan and Morong are located and in Talim 
Island, where they have been extensively quarried. Becker has published 
petrographic descriptions of typical basalts, which he collected on Talim 
Island, Hochstetter described Punta Gunong Bajang and Punta del 
Diablo by Binangonan as formed of the most remarkable obsidian columns. 
An examination of these places by the writer failed to verify his state- 
ments, but basalt Bhowing flow shucture was found. Both, evidently 
fallowing Hochstetter to some extent, considered the ‘""doleritic lavas^' of 
Talim Island and' those in' Jalajak ' Peninsula, together With the^oc- 
mumhce'' of '"obsidian’" near; Binangonan,' indicating a' grand volcanic 
; center. ' ^ Hochstetter’s' ideas concerning this iS’ expressed in ¥on Drasche’s 
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quotation^ ^"hich in part is: indicates a great volcanic center which 

is lacking^ but should lie wdiere now the deep Einconada Ba.y is snnk/'^ 
The name Einconada refers to the middle lobe of the lake. Von Drascbc 
also says that Hochstetter unites this center of emption witli the Mn- 
qniiing and Malarayat-Sosoncambin Mountains in one system oi volcjvno(?s 
which lie on a north-south fissure. He also quoted ]h)tli (fuite fully 
concerning this area and then remarks that thCvSe observations correspond 
very little wdth the view that an eruptive center should be sought in the 
Einconada. 

One of the prevalent ideas concerning Bay Lake is that it was formed 
by subsidence and may possibly be a crater or caldera similar to Taal 
Lake. Dana discovered no evidence that the lake corresponds to a 
single crater^ and further states that Talini Island is probably a volcaiiic 
summih and another small island (^^Pulo Bay^'’) off Bay consists ol; the 
lavas of another. It seems that Hochstetter was correct in considering 
that the eruptions occurred along the north-south line, since his field 
observations show that the basalts extend northward tO' beyond Anti polo, 
forming a rather definite zone bordered by tufEs and agglomerates. Idle 
falls of Antipoio flow over this basalt. The origin of the lake is discussed 
in a subsequent portion of this i‘epoit. 

The ^Trachyte^^ described by Eichthofen as inclosing the limestone 
northeast of Binangonan is a porous basalt often vesicular and frequently 
hrecciated. Basaltic flows, breccias and tuffs intermingled in great con- 
fusion are found in tlie Binangonan-Talim zone. Susun-dalaga, the 
highest peak of Talim Island, exhibits all these phases. Certain rocks 
from this peak approach an andesite in composition. To the east of the 
peak there is a bay in the island. The configuration of the island at this 
point and the position of the islands near by have suggested to some 
observers that the bay marks the position of a crater. Ho definite evi- 
dence of a crater at this iilace was seen, but the peali is an important 
point in the eimptive zone. The relations of Maquiling and Malarayat 
Mountains to this zone will be discussed more fully "in the part of this 
report wliich deals with the southwest volcanic region. 

Some basalts and basaltic agglomerates were found near Tanay and 
'Pililia. They are probably related to those of the area just considered. 
Ickis noted a dyke of basalt a short distance west of Tanay. Becker 
described a labradorite basalt, which he collected near Paete on the east 
shore" of the lake. Basalts' occur ',at several places along the same shore 
of the lake, and it is probable that they extend southward into the tuff- 
covered area. 

basalts were also seen Just east of the landing at Mauban on the 
Pacific coast and pebbles of basalt were found in a conglomerate on the 
road from Maub^ to Lukban* liarge bowlders occur sparingly on the 
Upland* of the eastern cordillera carry some 
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basaltic pebbles and it is probable that there are niiineroiis d3'kes of it in 
the region. 

Teriiarij limestones, sandstones, shales, and coal . — The first mention 
of the occurrence of limestones in tlie eastern cordillera viis hj Meyer. 
Roth cites him as saying that he sslw at San Mateo (probably the cave of 
San Mateo and present site of waterworks dam) and near Balete (Mom 
talban) fine-grained hornblendic slates lying on the limestones of San 
Mateo. Following this is the description by Ton Richthofen. He 
visited the locality of the San Mateo cave, at which place he saw a 
limestone mass extending far to the north and inclosed between trachytes. 
In a direction nearly south from this place he saw an isolated limestone 
hill surrounded b}’ trachytes^ half way on the road from Antipolo to 
Bosoboso. In extension of this line he found a small limestone mass 
which he described as rising in an arrowdike form out of trachyte and 
lying northeast of Binangonan. The limestone is stated to be older than 
the tracli}i:es since pieces of it were found in a trachyte breccia. 

Yon Richthofen says concerning the age of the limestone that from 
outwai’d appearance it would be considered as Jiira^ but that he was so 
fortunate as to find Nwmmulites and therefore referred it to the Eocene. 

Yon Drasche found limestones on Poray Creek at whicli place he saw 
a compact breccia composed of limestone and diabase-aphanite on both 
sides of it. He conjectured that this exposure is a continuation of the 
limestone to the south at the San Mateo cavC;, which he also examined. 

In the geologic map accompanying tlris report^, the limestones at the 
localities of Poray Creeks, the gorge at the waterworks dam site^ the 
exposure between Antipolo and Bosoboso and the Binangonan locality 
are included in a single area. 

The next reference to the limestone of this belt is by Smith, wdio 
found Orbitoides in some samples collected by Ickis from the Binangonan 
locality. Smith visited this locality^ collected additional specimens and 
described Orbitoides richtJiofeni s. n. He believed this to be the fossil 
which Richthofen called NummulUes. He called attention to the fact 
that Becker considered as unsatisfactory the evidence showing the 
Binangonan limestone to be Eocene as classified by Richthofen and that 
there is no reason why it may not be Oligocene or even Miocene, 
Further supporting himself by the fact that Martin had found Orbitoides 
in the marls of Cebu Island of the Philippine group, and declared them 
to be the equivalent of the ^Mava Grappe” which is Miocene, Smith 
referred the limestones of the Binangonan locality to the Miocene, 

The conspicuous outcrops of the limestone are, as has been stated by 
most writers, ridges or hills of a massive, whitish to yellowish, dense and 
fine-grained lim^tone showing evidence of metamoiphism and usually 
breakihg with a conchoidal fracture. 

The so-called Binangonan locality which is about T.5 kilometers to 
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the northeast of that town, is best referred to the barrio of San Guilleriiio, 
which is situated on the east side of the valley of the Morong lliver, 
opposite Eiclithofen'’s locality, which is on the west side of the valley; As 
seen from San Guillermo the limestone forms a high blulf whtii a [)e<ik 
rising to an elevation of about 100 meters above the wuch?., cultivated 
river" valley. To the south of tljc.peak the limestone at a much lower 
elevation disappears under a basaltic agglomerate. The matrix ol* this 
agglomerate is tufaceous and incloses fragments and even large i)locks 
of cellular basalt. This agglomerate partially overlies the limestone on 
the west. The eastern slope of the limestone ridge is that ol.‘ a . valley 
slope with a talus of limestone. 

The limestone bluff extends nortlnvard to the vicinity ol* tFeresaj but 
there it is not so massive. To the north of Teresa between two branches 
of the stream valley there is a nigged hill consisting o£ massive limcsionc. 
Following the trail from Teresa to i\.ntipolo, limestone bowi(l(‘rs and 
outcrops are seen along the border of the valley and them in nsc'mnl- 
ing the hill argillaceous limestone stxata and some beds whitdi . arc 
even arenaceous are observed, but tliese exposures arc very limited, tlie 
country being covered wuth cogon grass. The limestone in the, hill 
between Antipolo and Bosoboso is the most conspicuous outcrop in that 
vicinity, but it continues to the north and south in the ravines and on 
the hill' slopes. In traveling to it from Anti polo one finds outcrops of 
a thinner, bedded limestone in descending from the upland on wliicli 
Antipolo is situated, so there is evidence of a zone in which this 
formation occurs. 

Beturning to the consideration of the ^^hne-grained homblendic 
slates’^ wBieh Meyer saw lying on the limestones and the ^^compact 
breccia composed of limestone and diabase-aphanite’^ which Yon Draselie 
observed dipping to the east on both sides of the limestone at Foray 
Creek and containing certain beds which lie called diabase tuff, it is 
proposed to explain their characters, by giving the succession at the 
locality of the gorge. Approaching the gorge from along tlio road from 
Montalbon, in the exits in the foothills on the south side of the river 
there, are exposures of basalt which has been sheared and jointed by 
dynamic action and are considerably altered. The next expasiirm in the 
^ north Fank of, the riverbed are variable, stratified, clastic beds which dip 
to the 'eastward. Succeeding these, beds' is , a heavy limestone showing 
.in, , a. hill onihe north; side of'theniv-en.and.fouhd at the 'roadside south 
■Of, the, stream. is ; followed by ."Stratified deposits which' axe samcIstO'nes, ' 

tufaceous beds, fine-grmned,;h^^ shales ‘ exhibiting color handing, fine 
and coarse conglomerates containing ; in places 

some breeciated beds.' ThesO exposutes ^re in the bed and bank of tbo 
river and in the bed of a small tributary from the south; , The dips arO 

^ series just 
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<leseribed is tlie massive limestone in vdiich the gorge is cut. There 
are no good exposures just to the east of this limestone, the slopes being 
covered with a heav}’ talus; but the first rocks in place were found in 
the river bank are dacites. The contacts in the section just described 
are not plain. There has been severe dynamic action which has faulted 
and breeciated some of the beds and all are more or less altered. 

' Coal has long been -reported from the hills east of the town of San 
Mateo and to the south of the waterworks gorge. The beds are, how- 
ever^ too thin to warrant exploitation. Recently some prospecting has 
been done and the vniter has Leon told that the coal occurs with some 
arenaceous and argillaceous bods which are associated with the limestone. 

Limestone is found near Angat. Itier, according to a citation by 
Yon Drasehe^ mentions limestone on the banks of the Angat River, with 
uplifted vertical strata and inclosing fossils. 

Tlie occurrence of limestones near the springs at Morzagaray to the 
south of Angat was noted briefly by Centeno^, as was also an occurrence 
to the east of San Miguel near the springs of Sibul. The latter locality 
is just to the north of the area here under discussion. Both of these 
limestones are probably continuations of those Jiear Angat. 

McCaskey has described more fully the outcrops near Angat. His 
localities are Mount Pecote, the banks of the Bayabas River between 
Sampaloe and Bayabas, Boeol Hill to the south of the river and the 
Baras-Bacal Hills to the north. He states tha.t the conspicuous lime- 
stones occur a.s massive beds overl}ing thin limestones, sandstones and 
shales. Mount Puning, in the Baras-Bacal Hills, is a conical hill of 
limestone through wliich the Santol Creek passes in a cave about 1.5 
kilometers long. In the shales associated with the limestones McCaskey 
found inferior thin beds of lignite, one at the barrio Sampaloe in the 
shales exposed by the Bayabas River, another in upper Sapa Santol, and 
a third in the Arroyo Laguio Malaqui near Horzagaray, The limestone 
areas were desciibed by McCaskey but not mapped and are shown ap- 
proximately on the geologic map accompanying tins ueport, 

IsText in order may be. mentioned the outcrops along the Mauban-Liicban 
Road on the southeastern part of the map. The occuiTence of limestone 
in this section was suggested by the fact that Jagor and Eotli described 
limestone conglomerates and conglomerates containing limestone pebbles. 
There is a massive limestone exposed in the river and near the road 
about 9 kilometers west of Mauban. Other outcrops probably occur in 
the section, since lime is burned from rock obtained to the east of Lueban. 
The presidente of Sampaloe reported the oecurrence of limestone at 
several places which could not be located on the map because of deficient 
geographic details. Jt may be noted here that he d^cribed m in- 
Mennitteni: spring near Sampaloe which, may prove, interesting to^ anyone 
,h^uing time tn study ii/' ‘There axe a number of exposures of shales and 
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sandstones in the cuts along the road between Mauban 
and Lneban to the east of Sampaloc^ where the road lies 
in the valley. The highland seems to be largely covered 
with tnff. These shales, sandstones and liinestoiK' a]}- 
parently belong to the Miocene series and have b(‘en 
folded and faulted so that the dips are variable. 

There is evidence of limestone outcrops near Pagbi- 
lao, since the stream there has brought down limestone. 
Just before reaching the Bagsabagsan Biver on the road 
from Pagbilao to Atimonan, a massive outcrop ol‘ liiuo 
stone is exposed near tbe road and for.ms a high 
Good exposures of sandstones and shales of varying char- 
acter and in part tnfaceons are seen in ascending the 
zigzag to reach the summit section of the road. In de- 
scending to the east a massive limestone is found in a 
ridge striking about N. 30° W. The two limestone out- 
crops just mentioned are in every way comparable in 
importance and appearance with the typical massive lime- 
stone of this cordillera. Other limestones quite similar 
but not so conspicuous were seen at points about (J and 
2 Idlometex's west of Atiinonan. There arc additional 
outcrops of sandstones, conglonierates and shales along 
the coast at Atimonan, and several occurrences of coal, 
probably not exploitable, are reported. The structure of 
the cordillera in this section is that of close folding and 
faulting. 

Ickis crossed the eastern cordillera from Infanta (Bi- 
nangonan de Infanta) to Tanay on Bay Lake and < 3011 - 
tributecl much to our knowledge of this region^, prcvioiisly 
geologically unexplored (fig. 5), Leaving Infanta he 
passed over an area of alluvial deposits. Following up 
the Agos Biver he crossed a belt of andesites and then a 
belt of limestones, shales and gray wackes in various stages 
of metamorpMsm, beginning a short distance above the 
Macadata Kiver and continuing along his route up the 
Alas-asin branch. He also reports the oecuiTencc of coal 
of doubtful economic value found in this belt. The 
lina^tone contains, besides other fossils, Orbitoides as 
determined by Smith. The sedimentaries exhibit steep 
dips, folding faulting and the strike is with the 
Vvcordfflera. ^v^To.tire west of thisvbelt- Ickis reports ande- 
, ' sit^ and basalts probably extehding into Jala jala Benin- 
.snla ^d the basalts and tuff neai* Tanay. Some lirne- 
stpne of the andesite belt^ 


«» fejaags-, pebbles.:' 
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Tiie occurrences of limestones and shales seen on an excursion from 
Bosoboso to the iron deposits near Santa Inez remains to be mentioned. 
On approaching Bosoboso some indistinct limestone outcrops were found 
ill descending the hill into the town. In the river bed to the east of the 
abandoned settlement of San Jose and at the hot spring described by 
Abella as the ^^Mainit de Bosoboso'^ outcrops of somewhat metamorphosed 
argillaceous beds were seen which Abella has described as follows: 
“The country in these localities consists of an extensive formation of 
old slate; diabasic conglomerates (at Langay-langayan) and limestones 
(Lanatin Paver). The strata at the hot spring strike oST. 10*^ W. with 
dips very pronounced nearly vertical toward the east.’^ He explains that 
the jointing and the fracturing of the formation is due to the igneous 
rocks wdiich are found as dikes and volcanic masses. 

There is no true slaty structure in the formation at the hot spring or 
near by and it is evidently a mistake to class these rocks as slates or 
older slatesj or to include them in the discussion of the older rocks as 
did Becker on the strength of Abella^s description. Certain hand speci- 
mens from the exposures at the Montalban Gorge are identical in char- 
acter with specimens from San Jose. The description by Ickis of the 
formation on the Alas-asin in his section from Infanta to Tanay show-s 
that similar rocks are encountered there. 

Yon Drasche in crossing from Laguimanoc to Atimonan found at first 
tuff, higher up tuff interstratified with breccia of coral limestone and 
finally single isolated coral reefs which are rich in fossils. He says that 
in part the limestone is completely crystalline. On the area of schist 
which he found he saw an isolated, small coralline limestone cliff. In 
as much as Yon Drasche has seen the typical Tertiary limestone it wnuld 
be fair to suppose in view of his description of the section that the coral 
reefs above-mentioned are not to be confounded wdtli it, and that the 
breccia of coralline limestone with interstratified tuff beds is a formation 
distinct from the typical Tertiary, but after having seen the variable 
character of the Exposures at the Montalban Gorge and having studied 
the section fx-om Pagbilao to Atimonan it seems more reasonable to accept 
the opposite conclusion. 

In this connection should be mentioned the conglomerate containing 
limestone pebbles described by Jagor and Both w^Meh the former found 
on the road from Mauban to Lucban. The locality which is especially 
described by Jagor is about 2 kilometers east of Sampaloc. When the 
writer passed this place a landslide had come down the hill to the river 
and carried away the road, leaving the formation well exposed. The 
limestone pebbles which appear to have been derived from the dense 
Tertiary limestone of the region were seen lying in lenticular masses in 
a coarse-grained, soft sandstone-like matrix and dipping at steep angles. 
The matrix has been largely derived from the erosion of igneous rock 
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and is in part tufaceous. The character of the coagiomerato indicates 
that the older portion of the Tertiary fonnation had b(?en clevafed and 
perhaps somewhat folded and subjected to erosion and that inaicrials 
derived from it contributed to the formation of tlie congloirierale. Sim- 
ilar conglomerates were found at three places ncai’or io Maul)aji in cnis 
on the road. At one of these localities basaltic pebbles wtM'o ’mixed with 
limestone pebbles and at another the matrix, was tnbieeoiis. T\\i\ dip 
of these exposures was not ascertainable, ddio district to the east oC 
Lncban lies near the base of Banaliao which is an extinct vohaiiio mid 
tuff deposits cover and' obsexire tbe structure ol; the adjacent njxhrnd 
portion of the eastern cordillera. 

At the locality of the iron deposits near Santa Inez on the Ijanatin, 
EiveTj bowlders of limestone are seen in tlie river and on the liillsides. 
A massive limestone occurs on the mountain wliicb contains tln^ iron 
deposit and rests on diorite. About three hours walk up tlie Lanaiin 
River there is a mountain exhibiting a conspicuous white face ot' lime- 
stone, To the northwest of San Isidro there is a rougli liimisinne hill 
which is conspicuous when traveling toward Santa Inez. 

It is safe to conclude that the limestones and associated sedimentarics 
of the eastern cordillera are Tertiary: Smith lias recently referred 
them to the Miocene on the strength of ha.ving found Orhiloides in the 
limestones. Later^, he has submitted a suite 'of fossils to a close com- 
parison with studied collections, and identification of the species points 
to their being Oligocene. He will soon publish the results of this study. 

In passing it may be well to note that the fossil which. McCaskey 
found near Aiigat and reported to be a staminate cone of a Lepidoflendrid 
has been studied subsequently by the botanists of tlie liureau of Sciericc 
and they pronounce it to be of questionable value and cci’tainly :not a. 
Lepidodendnd: 

The upland lying in the district defined by Luisiami, Oavenii M'njayjay 
and Pagsanjan and in which the rivers flow in deep gorges and where 
the Pagsanjan 'and Botocam falls are loeatedj has a thick deposit of tuff 
and conglomerates which appear in places to be water laid. Tliis 
deposit borders ' and ' in part overlies the folded' sedimentaries ol the 
eastern cordillera. It was impossible to determine definitely whether 
therein any vatcrdaid tuff on the upland areas^ which have an elevation 
of about. dO'Q meters, b The tuff undoubtedly occupies depressions. ' .The 
yoimge^' beds; 'Seena ' of . sub-aerial origin. Between .Mauban and 

the Manban/;&t'6r'vIhereriS';^^ hill -in the' recent, alluvial deposits' 
which B^C0Ihpo8edAf.wate^4.aid^ ' - ' 
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LOBOO MOUNTAII^S. 

This region was observed from the vicinity of Batangas and from 
steamers which passed very near to its sontliern coast. In 1905 Smith 
made a partial reconnaissance of the Loboo Mountains, his special object 
being to examine some copper prospects on the Calbasahan Eiver in the 
northeastern part of the area. He described the iiionntains as forming 
a chain approximately parallel with the coast but broken by the Loboo 
or Piosario Eiver Valley, From a study of tlie topography of the region, 
it seems that two ranges may be distinguished extending in a northeast 
southwest direction (X. 60 "^ E.) approximately parallel with the Eosario 
Eiver Valley. If either of these interpretations of the trend of the 
Loboo Moimtains is correct, the structure of the region is discordant 
with that of the eastern and western cordilleras, and because of this it 
is discussed here under a separate heading. 

Diorites . — The only igneous rocks identified by Smith were diorites 
which he collected near the copper prospects in the northeastern part of 
the moimtams. This locality would be considered as in the southeastern 
range if two ranges' are distinguished. He found the rock to vary from 
a typical diorite to gi’anitic and gneissic phases, being usually coarse 
grained. It is cut by quartz veins, more or less mineralized, and showing 
stains of iron or copper oxide and carbonates. Some molybdenite was 
found in the veins. Inasmuch as no important mineral deposits were 
developed by the prospecting, interest in the district ceased and there 
has been no occasion to revisit it. 

Andesites . — Beach gravels and bowlders from near the Pinamucan 
Eiver were seen at Batangas. They had been brought in iancas and 
w^ere being crushed for road metal to be used in the building of the 
road from Batangas to San Juan. These bowlders are contributed to 
the beach by the Pinamucan River and the other streams near by, which 
drain the western end of the northeastern range of the Loboo Mountains. 
They are andesitic and indicate the existence of extensive areas of andesite 
in the mountains. 

Tertiary sedmcntanes.—Xn Journeying from Batangas to the Loboo 
Eiver Valley, Smith found exposures of what he described as a basal 
conglomerate succeeded by shaley sandstones and limestones. Fossils 
collected, from this formation were deteimined by him as being of 
Miocene age and yoiinger, certain of them having Bornean afifinities. 
Accordingly, the sedimentary formations of the Loboo Mountains may 
be the equivalent of those in the eastern cordillera. 

Cordlim limestones and marfe.— Heavy beds of coralline limestone 
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are exposed in the sea cliffs of the table-land at Locoloco Point and at 
Malahrigo Point. It is probable that this formation^ wliicli also contains 
some marlSj is similar to tlie raised coral reefs in Santiago Peninsnla, 
described subsequently in this report. The formation is perhajis tlie 
equivalent of the tuffs lying to the north of the Loboo Mountains and 
found to a limited extent within their ama. The occurrence of the 
tuff formation in the Loboo Mountains has been noted by Smith and tlie 
writer has been assured by travelers tliat it borders llic region to the 
north and that the occasional outliers are found within the mountainous 
district. 

Geologic history.— Tlie, occurrence of diorites in the Loboo Mountains 
and the existence of Tertiary sedimentaries and andesites indicate that 
the geologic history is complex and somewhat similar to that of the 
eastern cordillera. The relations of this mountainous area to the struc- 
ture in other parts of Luzon is discordant. Perhaps when the history 
of Mindoro and Verde Island, which intervenes, arc well known tlie 
Loboo Mountains may be found to be related to them. At present, the 
region is too little studied to warrant very definite statements regard- 
ing it. 

SOUTHV^STEBK VOLCANIC BEGIOK. 

Extinct volcanoes . — There are three peaks in this region which are 
usually considered to be extinct volcanoes, viz, Banahao, Cristobal and 
Maquiling. Banahao and Cristobal probably should be referred to the 
same volcanic center, Cristobal being a subordinate cone. 

Banahao as seen from the southwest is quite symmetrical. It contains 
a large crater reported to be 210 meters deep. To the northeast there is 
a sharp subordinate peak called Banahao de Lueban, or Banahillo. Cris- 
tobal lies to the northwest. It has a crater in which there are three 
small lakes. To the southwest there is Mount Masalaeot and some hills 
which belong to the same area. There is no evidence of recent volcaine 
activity of Cristobal and eruptions attributed to Banahao should prob- 
ably be explained as avalanches of mud and stones produced by the break- 
ing of natural dams formed at the outlet of the crater, by landslides 
and debris falling from the cliffs. Jagor in a footnote states that it is 
recorded in tU Estado GeogrdficoyUmih, 1865, that Banahao has been 
extinct since 1730, in which yeir it had its last eruption, breaking out 
on the southern part and vomiting torrents of water, hot lava, and 
stoUes, of' monstruous size, the signs, of which maybe seen 'until the 
present^^ time, at the iO'Wn of, Sariaya. ^ This supposed eruption was also 
;nqtte4' hy Becker ; in his, paper. ' ' , In J snuarj^, ' 1909, ' the newspapers stated 
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tliat Banaliao was supposed to be in eruption. Arriving at Sariava it 
was found tliat an avalanclie of w’ater, mud and stones had descended to 
the west of the town along the drainage channels which are the natural 
outlet of the crater, and had covered the road with a layer of debris 
which in places tvas more than a meter thick. The water from the 
avalanche; heavily charged with sediments^ reached to the sea, and in its 
descent changed some of the former channels and swept away a newly con- 
srineted steel bridge on the Sariaya-Candelaria Eoad. As there was 
nothing which indicated a time eruption, no ascent of the mountain wuis 
made, but from the reports of others who followed the avalanche to its 
source it was learned that a landslide had clammed the chasm through 
which the crater has its outlet and that the bnrstiiis^ of this obstruetion 
had liberated a lake which had formed therein. Another member of 
the Bureau of Science ascended the north slope of the mountain a short 
time previously. He stated that a lake had actually existed in the crater. 
It seems very probable that the catastrophe recorded as the eruption of 
17'30 was similar in every way to the one which occurred in this year. 
The velocity of the water which descended enabled it to carry great 
bowdders, some of which were fully 2 meters in diameter. The mud in 
places covered cultivated ground and the force of the moving mass of 
water and stones uprooted trees and partially destroyed some coconut 
plantations. The town of Sariaya wms located previously further to 
the west. The inhabitants moved to the present site after the avalanche 
of 1730 which destroj^ed mc^t of their homes. 

The flanks of Banahao and Cristobal are covered with a heterogeneous 
mass of stones and detrital material which has gravitated down the slopes. 
Deep stream channels cut in this material are seen while driving along 
the road from Sariaya to the town of Tayabas, and likewise in passing 
around the north base of these mountains. Solid rocks are exposed in 
a very few places. At the foot of the mountain slopes this material 
gradually thins out and volcanic tuff forms the plain. 

Mount Maquiling has been made the subject of a special monograph 
by Abella. He states that its summit has soinewliat the appearance of 
a crater broken down by erosion. The positions of the peaks which form 
its summit when seen from the southwest near Santo Tomas, as well as 
the outline, suggest what was probably once a distinct crater. There are 
no references to an eruption of Maquiling, hut the mountain contains on 
its slopes and around its base many signs of expiring activity. The hot 
springs near Los Banos and tlie so-called solfataras or hot springs on 
its flanks may be especially mentioned. The positions of the hot springs 
and solfataras as recorded by Abella will be seen in the accompanying 
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iliiistratioii (fig. G) 'wl'iicli is taken fxoiii a. map acc'oinpauyiiig' liis report, 
and describes tliem in detail. Most of the soliataras arc in tlic 

nature of hot mud spots_, from whicli emanate more or loss boiling* water 
and steam. Their action has converted tlie surrounding incks Into a 
white earth similar to kaolin and deposits of this (‘artb are also loiind 
on the slopes of the mountains at places where solfatajoe aciion has 
ceased. The most important evidence of volcanic activity iiiair tin.' base 
of Maqniling' is the crater lake called Lagniia de los Caimanes which 
probably ocenjiies the crater of an extinct cinder cone. It lies on the 
border of Lake Bay just to the west of Los Bafios and by some author- 



Kg. e.-— 'S kei^ch Map op .‘Phb Oeolqg-y,, ako TopoGKAPHty of Moirki" Maqvilino 

Airo .TPGEl SUKBOVNDIISra COXrNTEY, AS MAPPED' BY ABBLIA. 


ities i& d^Tibed as an island. It appears that during the dry season 

a crosang on dry land to this crater-lake is feasible by avoiing the 
hot, spring whi& iiateiY^e betTreen it and the mainland. During the 
rainy Seasmr the rise in lerel, of liake Bay converts the cinder cone into 
an. island. A smaB luB^ , Pansolj to the yest, ,at the base of which 


issue hot spring, and a hill to the east on Point Mayondon, are probably 
remnants of other cinder cones. A small, low hill called Cerro de la 
j Jtesa ip- seen yhen 't^sy^ing £mni Calaanba to les Banos by wagon 
'5^? # 'Em appeared upon examina- 

_ gqjDjje signs of a crater. Snr- 
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rounding it tliere i? a ere.-eentic ridge whieli probably represents a part 
of tlie older outer crater (fig, 7), The region around the base oi dta- 
qiiiling has not been tlioroiignly studiech but some of the hills lo the 
west appear to have been formed by subsidiary vents and one to the 
west of the road between CalamJat and Santo Tomas, which was ex- 
amined, gave e'^idence of being a cinder cone, but without any indica- 
tions of a crater. 

Uriiptives. — Tuider this head will be discussed the luoimtains of the 
southeastern volcanic district which do not retain evidences of distinct 
craters or are not so close to tlie extinct volcanoes as to appear genet- 
ieally related to them. 

To the souths on the stnietural line which includes Talim Island and 
Maqiiilingy stands tlie elongate Malarayat-Sosoneamhing Mountain. To 
the east of Macpiiling and to the northwest of Banaliao there is a group 
of low mountains to which here is given the name Calaiiaiig Mountains. 
Further east in the tuffs near Cavinti and to the northward there are 
some outcrops of igneous rocks which are not shown on the geologic 
map. A small hill occurs at Pagsanjan and to the east of Pagsanjan 



Fig. 7. — Sketch Showing the Extinct Cinber Cone Cbeko de lx ISIesa xnb 
O vTEE Cbatee Rim as Seen Looking South prom Calamba Railway Station. 


the country contains some topographic features which indicate eniptives. 
Southeast of the Pico de Loro Mountains there is a group of peaks 
which are surrounded b,y the tuff formation. To the south of Masugbu 
some exposures of igneous rocks were found which belong to the sub- 
structure of the Santiago Peninsula. In the peninsula south of Leinery 
there is another group of eniptives. 

Finally^ there should be mentioned Mount Sungaj to the north of 
Taal Lake^ Mount Butulao to the west of the latter^ but a considerable 
distance from ih and Mount Macalod standing on the southeast margin 
of the lake and having a high precipice facing it. The relation of these 
eruptive masses^ with the exception of Malarajat-Sosoncambing wtiich 
is considered to be on the north-south structural line that includes 
Maquiling and Talim, is far from clear. It appears that the eruptives 
lying in the peninsular area have been added to the mainland of Luzon 
Island by the gradual extension of the tuff formations. The Calauang 
group of lower peaks is very irregular. The igneous rocks further to 
the east near Cavinti and Pagsanjan are nearly covered by the tuff 
amr s 
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formation. TIjg group of nionntaiiis ROiitlicast of tlio i*i(*o Loi'() 
group has not been very thoroughly stndiccl and it is possible iliat it 
should be considered as related to the Pico de Loro group, hnl in this 
report it is considered witli tlie soiitiuresi orn volcanic .r(,\gion, i)ccause 
of the finding of extensive inasscvs of basalt iiear the southei’n base's ol 
the mountains of the groups which class ol. ro('.k is rai‘(5 in tlu^ ^'(cshu’n 
cordillera. 

The three peaks which are found near the l)order of Taal Jjake have 
been thought by some to he subordinate cones near the base ot a, siiipiost'tl 
former lofty cone' of Taal^, but the writer does not incline to ibis idea. 
If they are related to a coimnou center of eruption, they form a much 
larger group than do the peaks related to Baiiahao, Careful petrograplnc 
study might show whether or not these mountains have liad tlioir origin 
from the same magma. Macalod has the api)eranoe of an independent 
eruptive mass, with subordinate peaks, one of which is clearly defined 
to the southwest of the main mountain. 

Cinder cones . — Troin the descriptions of the historic omptious of 
Taal Yolcano and an examination of its crater it is evident tluit in 
recent time no lava was ejected in the form of flows, but that bombs, 
scoria and ashes have been thrown out. In other words, Taal Volcano 
is a large cinder cone. A number of craters which are extinct occur on 
Taal Island and examination of them proves that when tliey were in 
eruption they likewise were of the cinder-cone type. 

Within the area of the tuff formation which lias been built up from 
the volcanic ejectamenta of the soutlieastern district, tboi*e arc some 
isolated cinder cones which still preserve indications of craters and no 
doubt several of the smaller hills are the i‘einnants of cinder coiu^s which 
have been largely eroded. South of Lipa and near the road to Eosario, 
there is a liill which has a slight depression in its summit, and arouml 
this depression there is a crescentic rim on which seoriai are found. The 
slope of the hill is covered with scorim and lapilli. 

Just to the north of Hew Eosario there is a crescentic-shaped hill 
which is a remnant of a cone. The hill is broken down to tbc northeast. 
Masses of scoria outcrop on the higher' part of the crater rim. A Iiill 
which 'retains some of' the characteristics of a cinder cone is situated to 
the. northwest, of Batangaspbut ,the rim and the crater are not very 
well defined., To 'the west of the 'base of Maquiling there are a number 
oflhlls'which mat 'represent ^’'toall crescentic cones. About ' half-way 
between Calamba and Santo Tomas and to the west of the road there 
is a snbconical hill formed of lapilli. This may be an eioded cinder 
'The MU wntaining Laguna de los Oaimanes, Eansol, the '"hill 

' de, la Mesa have been mentioned as 
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probably being cinder V-ones in cleserilniig the evidences of activity around 
tlie base of Maqiiiling. 

Crater JaJtes , — The crater lakes probably owe their origin to phenoiiiena 
closely allied to those which produced the cinder cones. The rims of 
the lakes usually rise a little above the surrounding country and suggest 
that they are the i-emnants of cones wdiich have collapsed and subsided. 
In the country around San Pablo there are a number of crater lakes 
which are readily accessible, and San Pablo is coming to be known as 
the center for tourists visiting the crater-lake eountiy. The first descrip- 
tion of these lakes is by Jagor, who visited several situated near San 
Pablo. He described them as having circular embanlmients with very 
gentle outer slopes formed of lapilli. The interior walls of the rim are 
usually very steep. Most of the lakes are drained through clefts in the 
crater border wdiich have been formed by erosion. The streams flowing 
from them, like most of the streams of the volcanic region, have steep 
banks and narrow channels. The lake most easily accessible is the one 
situated just north of the town of San Pablo and it may be reached by 
a few minutes'' walk to the end of one of the streets. Two lakes occur 
on the public liigliw'av east of San Pablo. They are near the road and 
can easily be visited by travelers by stopping a few minutes and walking 
through the groves of coconut palms. 

These lakes, besides being of interest because of their origin, are made 
picturesque by the vegetation which giws on their borders. Some of 
them afford a good supply of fish to the neighboring inhabitants. 
HoW'ever, others are partially drained and the abandoned lake beds are 
planted wdtli coconut trees. Hot all of the crater lakes which have been 
indicated on the reconnaissance map were visited, but information 
concerning them has been obtained through inquiry. It is interesting 
to note that a lake which occupies the remnants of a small crater is 
situated near Hasugbu. The distribution of tlie crater lakes and cinder 
cones shows volcanic activity to have been extended over a large part 
of the southeast district and it is probable that the deposition of the 
tuff formation has obscured many of the early vents and that others 
have been completely eroded. 

The active Volcano Tool . — ^Taal Volcano is situated on an island in 
Taal or Bombon Lake. The island, on which are found a number of 
extinct cinder cones and the active crater, has been built near the center 
of the lake by late volcanic activity (Plate JII). The main crater which 
is sitnated near the center is usually referred to as Taal Volcano. It 
is approximately circular in fonn. ' The southwestern border of the 
ciuter rim rises to an elevation of 320 meters, which is the highest point 
on the island. ' The lowest points on themim are about 130 To 150 'meters 
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in elevation. The iov'est points on the floor of tlio eraler arv' aboiil on a 
level with the water of Taal Lake. Visitors usually aseeiul iho easioni 
side of the crater rim where it is low and near the shore; ilu‘ laosi: 
desirable time to make the ascent being about dawn and llu^ riiu should 
be reached b}^ snnrise. The descent iuto the crater is hy a sita'p zigzag- 
path, bnt presents no serious difficulties. During the ilrst hour or so 
of the morning the vapors lie low over the lakes in the craf,or. On 
sunny days as the sun warms the air, the steam begins io astioud and 
the vapor and sulphur fumes arc wafted about so that the vicov is not 
so clear and travel in some parts of tlie crater is made diffic^uli; and (ivern 
dangerous. When the atmosphere is warmed by the sun, tlic steam from 
the green lake usually rises and forms a mushroom shaped (’loud which 
soon becomes detached from the colnmn of vapor which forms its sieni. 
As the heat of. the day advances the vapors become more attenuated and 
are blown about hy the rising -wind, but before this time the visitor 
should have left the crater if he -v^dshes to avoid an arduous climb in the 
hot sun. On days when the sky is cloudy, the crater may be explorcKl 
nioi’e at leisure. 

Two lakes lie wdthin this crater. They are usually called the yttllow 
lake and the green lake. During the rainy season there ivS a third tem- 
porary red lake. The yellow lake receives the natural drainage of tlie 
crateiv It appears to be shallow and is hot, but does not boil. Tlie green 
lake gives off steam from its surface and near its southern border boils 
violently as if over a vent. A circular crater is located to the south of 
the green lake. On its floor there are several boiling mud spots from 
which but little vapor rises. On the south border of the yellow lake 
there is a cone, called the red cone, becanse of the color of its crater. 
It is broken down on the south side and drains around its eastern base 
into the yellow lake. A vejit from which steam issues ivith groat forcte 
occurs on its northern outer base. The yellow lake now extends to this 
vent but formerly was separated from it by a narrow isthmus. There is 
a remnant of an older*, large crater rim which forms a crescentic iridge 
rising southeast of the yellow lake and curving around to the south of 
the green lake, passing between the green lake and the crater with the 
mud spots. Visitors to the volcano usually travel on this ridge when 
exploring the crater of Taal, since it affords a fine view and an easy 
memis of approaching the principal points of interest. The ridge is 
very rrarrow , between the green lake^ and the crater containing the mud 
;sppls/,ar^d care must, be Takm That, the wind is 'not blowing the steam and 
sulphur fumes in such a direction as to cause them to inconvenience or 
overcome the visitor. There are small cracks in this ridge from which 
sulphur fumes issue and at its western end, which is south of the green 
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lake, a descent and detour max be made to the soiitli to reach the 
remnants of some extinct cones tvliieli have level floors. Sulphur fumes 
and a little steam rise from the cracks in their vails and floors. 

The layers of tuff exposed in the inner vail of the outer crater erdiibit 
bedding and shov a banding of colors varying from vhites and grays 
to yellows and reds. The colors are especially vivid on the vails near 
the points of activit}' trhere the hot ac-id vapors are sublimed on the 
rocks, forming an effloi-escence of iron, alnminiiiin and magnesium sul- 
phates and chlorides producing variegated white,, yellow,, red, blue and 
green effects. Small amounts of native sulphur occur in crevices and 
cavities, hut it is inconspicuous. 

In 1S80 Centeno visited Taal Volcano while studying the effects of the severe 
earthquake of that year, and found that the volcano showed no signs of in- 
creased activity. From his sketches of the appearance of the volcano and his 
description we learn that there was at that time one active cone sending np a 
great quantity of vapor. This active cone seems to correspond with that of 
his description written in 1882 and is now the crater containing the mnd spots. 
Near the active cone there were some smaller ones which are shown on one of 
his sketches as giving off thin columns of vapor. 

The yellow lake is described as containing a place near its center where the 
water boiled np violently and occasionally threw up black mnd and sent out 
waves which agitated the surface of the lake. 

In 1882 Centeno made a study of Taal Volcano and liis report is accom- 
panied by a small hachured map which shows most of ohe features quite 
clearly. A model of the volcano inherited from the Jnspeccwi dc Mims, is in 
the division of mines. It is probable that the model was based on the map or 
was made at about the same time. Studying the model, which is somewhat 
clearer than the map, but one defect is found which can not be reconciled witli 
the present features of Taal or be accounted for by subsequent changes. Tlie 
model shows the crater of the red cone as being broken down on the side toward 
the green lake. As it now exists, it is broken down to the south and drains 
around its eastern base to the yellow lake. 

Making due allowance for tlie imperfections of tlie model and map. 
certain changes have taken place since Centeno described the volcano. 
The green lake has extended its area to the southward and contains a 
point where there is violent boiling. The neck of the peninsula which 
extended into it from the east has been eroded^ leaving the point as a 
pyramidal rock or island in the lake. A steam vent and a sulphur 
dioxide gas vent separated by a distance of about 15 meters and evid- 
ently not connected near the surface have formed at the, north base of 
the red cone. The small inactive cones G and H of Centeno’s descrip- 
tion have been largely obliterated by erosion. The active cone which 
was described as being about 15 meters high, quite perfect and the point 
of most activity, giving off great. masses of water and vapor, is now 
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broken down, but there are some vents in the remnants of its walls. 
The inactive small cone F of his description has disappeared. 

In IDOd Taal was reported to be in eruption and many people visited 
it then and pbotographed it. Dean C. Worcester^, Secretaiy ol the 
Interior, lias some good negatives taken during this active pei'iod and 
they furnish a better idea than descriptions of what took place during 
Jiily^, which^ stated briefly^ was as follows. 

Besides giving off a greater amount of steam and siilpliiirous wipers 
at all points where such actions had usually occurred^ the new crater 
formed in 1904 sent up great columns of vapor and intermittently ejected 
mud and stones to a height of at least 150 meters. The activity of 
this crater soon diminished and in December, 1905^ its floor was covered 
by a boiling lake. In March, 1907, the lake had disappeared. Tlie 
crater now contains some hot mud spots which are in a stale of vei’y 
moderate agitation and give off but little steam and gas. The temporary 
red lake in the southeastern part of the main crater floor seems to have 
first been mentioned during the eruption of 1904.'^ 

Historic eruptions of Taal . — The following summary of the historic erup- 
tions of Taal is taken from Centeno’s monograph published in 1882. At the 
time of the Spanish conquest, according to various ancient documents, the place 
of activity of Taal (or perhaps better, a place of activity) was on the north- 
western point of the island in a small cone, Bininting Malaqui. There are no 
records of eruption from it, but in 1880, when it was visited by Centeno there 
were some small vents of vapor and gas in its crater and one on the southeast 
border of its rim. Tliere are now some similar . phenomena at this cone, but 
of diminished importance. 

In 1680 Taal is described as having occasional eruptions which destroyed 
many fields on the island. At that time there were two vents, one of sulphur 
and the other of green water. They are interpreted as being the yellow and 
green lakes which exist to-day. 

In 1709-1715 eruptions produced some damage on the island. 

In 1716 there \?as an eruption accompanied by earthquakes, and a disturb- 
ance in Taal Lake between the island and Mount Macalod. Tlie waters of 
the lake yvere so a,gitated that waves cut away the outer shore of the lake, 
injuring the ^mnvento 'at Taal which was then situated on its border. There 
are some sunken rocks in the lake between the volcano and Mount Macalod, 
but whether yr not they originated 'at The time of this eruption is not known. 

;In 1731 there ''was' an eruption in Taal Lake east of the island, forming a 

»In the article hy B. Journal, S&o. A, (1907) 2,' 115, on the 

‘^‘Crater of Taal YoIcahOj,’’ the 'yellow lake of'Centeno^s description is called 
'the boiliii^yrater'lah:e'. r^A t'emporaryMke 'southeast of the yellow lake is referred 
toys yellorf lake.i, . Evidently ^,t)^e colors of the 'lakes vary^rotn time to' time. 
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new island the larger part of wliieli subsided^ leaving remnants wliicli are known 
as Bubiiing and Napayong Islands. 

In 1740 a violent eruption began on August 0 and eontinuetl about three 
weeks. Some settlements near the shores of the lake sutFered damage from the 
seismic disturbances and falling ashes. There were no flows of lava., but in- 
candescent stones Avei'o thrown out. Eruptions took place in the lake to the 
north and east of the island. 

In 1754 the greatest historical eruption took place, lasting from until 
December. The towns of Sala. Li pa, Tanaiian and Taal, then on the border 
of the lake, were destroyed, and Balayan, Bauan, Bataiigas. Bosario.. Santo 
Tomas and San Pablo suffered great disasters. The rain of scoria and ashes 
extended over a mueli larger area. The surface of the lake was covered with 
patches of floating pumice and ashes. Incandescent stones were thrown out 
and fell into the lake. There were, however, no lava flows. Heavy rains 
descended and the barrio of Balili near Sala was covered with a shower of 
mud. 

In 1808 tliere were eruptions of slight intensity whicli began in February 
and continued until the end of April, but no damage was done to the inhab- 
itants who, after the disaster of 1749, had returned to settle on the margin 
01 the lake. 

The eruption of 1904 which has already been described was unimportant. 
It is the first one of which photographs have been published. 

Agglomerates of the southwestern region . — There are extensive beds 
of agglomerates found in the tuff formation^ as has already been noted. 
They are seen principally around the northern base of Banahao where 
the streams flow in deep gorges. In other localities angular fragments 
•of andesite and basalt are found included in the tuff but not forming 
true agglomerate beds. 

To the west of Balayan there is a line of sharp peaks which present 
an escarpment on the eastern side. The exposures which were seen in 
sheer faces in this escarpment appear like conglomerates. Masses which 
liad fallen from the cliffs were examined and although the material was 
badly weathered it seemed that the formation should be classed as an 
agglomerate. Its occurrence is noted in the accompanying geologic map' 
It is probable that a fault passes along the eastern base of this line of 
peaks. The origin and extent of the agglomerates and the position of 
the fault line could not be determined. 

Tuff formation — The area of the tuff formation, as shown in the 
accompanying geologic map,, includes localities which have been described 
by previous writers as containing principally water-laid tuffs.“ The 
higher areas probably include subaerial formations and near Taal Volcano 
there are remnants of recent showers of volcanic ash. Yon 'Drasehe 
indicates in Ms map (Plate I) a large portion of the tuff deposits. 
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Centeno has also published a partial mapping of tlie tuff deposit (ffg. 8) 
Avliieh for the most part corresponds with the largest area shown 0 !i 
Yon Drasche's niap^ but continuing further to the nortli. In the map 
aecompanying this report andesite tuff and diorite tuff as distinguished 



ma , S.— Sbjitch ^ OF THE, Totacbous Abba of ,Taal Volcano, as Mapfbo 
By, Obnxbnoji'' 


by Von J)mmM inoltided in one ^ general area. , The , area ' of trachyte 
:tuff'mapped;hy;hiin ih; the' central valley ds; here shown' as alluvium., 
Tad, Yolcanh has been', Thought by, sbm^^ to' 'be 'the 'origin; of the greater 
;'l>arto,f tile 'tuff, hufe'i'a^B pointed out/, there is reason to believe 

that it may have been derived .ifrom many sources and,' been gradually 
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deposited during a long period of time. Tlie formation varies from nnC" 
grained^ tvater-laid strata to coarse, Lrecciated deposits, agglomerates and 
conglomeratic phases. The examination of samples obtained from drill- 
ing deep tvells shows iiiterstratified marine sands and some clayey beds. 

It is very difficult to distinguish between the water-laid tuff and the 
siibaerial deposits because of the similarity in the materials and the 
absence of exposures at critical points. On the divide between Bay Lake 
and Manila Bay in a railway cut some shark’s teeth were found in a 
stratuiii containing waterworn pebbles. The bed is evidently a marine 
or estuarine deposit. The elevation of this point is about 40 meters 
above the sea. The presence of the fish teeth indicates an emergence 
which may be correlated with the change of level indicated by the marine 
conglomerates on the flanks of the western cordillera. Smith collected 
some fragments of a mammalian tooth near the Loboo Mountains at a 
considerable elevation, which, however, was not determined by measure- 
ment. He believed the tooth to belong to the Bovidae. An examination 
of the pieces which have been preserved showed that they correspond 
fairly well with the teeth of the Cervidae and do not differ much from 
those of the living Philippine deer. This tooth may have been buried 
in late subamial deposited tuff and the presence of plant impressions, 
especiall}' of blades of grass or rice in the same beds, is corroboratory 
evidenee. The mammalian tooth found in the Pasig well at a depth of 
between 80 meters and 85 meters, appears to belong to an extinct species. 
The formation may, however, be marine and it may have been buried in 
deep water deposits. The locality where the fish teeth were found and 
the situation of the Pasig well are not very widely separated. Outcrops 
of the tuff at intermediate localities appear to be water laid and contain 
many plant remains. 

The higher portion of the tuff area is a ridge between Mount Sungay 
and Mount Batiilao called cordillera of Tagay-tay on d' Almonte's map. 
The southern face of this ridge presents rather steep slopes and some 
escarpment, while the northern side of the ridge slopes gradually toward 
Manila Bay. It has been aligned by some writers that this ridge re- 
presents a portion of the base of the former lofty cone of Taal Volcano. 
The elevation of the ridge varies from 500 to 600 meters, which is con- 
siderably in excess of the highest marine deposits on the flanks of the 
western cordillera. There are some basalts in the southern ime of the 
ridge, but most of the exposures are beds of stratified tuffs. Certain of 
the beds appear to be water-laid. If any part of the higher beds in this 
ridge were deposited in the sea, it indicates a greater elevation of the 
locality than has taken place in the adjacent areas. It is not improbable 
that the ridge, together with two mountains which form its determina- 
tions, is the southern^ portion, of a fault' block which has been lifted. 
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Tile escarpment which runs northward from Mount Gonzales along ilie 
western limit of the alluviimi which borders Ihiy Lake, and continues 
to the west of the Mariquina Valley may owe its orignn to a. fault, scarp 
which has receded westward by erosion. When one studies the ga[) 
between Mount Sungay and Mount Maquiling, he is impressed witli the 
fact that the country is much lower than the area to the west, and finds 
it difficult to acount for the discontinuance of tlie ridge eastward Iroin 
Gonzales except by means of faulting. 

The general level of the country east of Gonzales Mountain and Taal 
Lake is continued westward between the Tagay-tay ridge and Taal Lakc^ 
for a short distance and when viewed from Taal Lake has the appeai’anc'c 
of a terrace. (See fig. 9.) This seems to indicate that the deposition 
of the tuff formation was continued after the elevation ol the Tagay-tay 
fault block. 

On the eastern border of the tuff area, which is indicated in a very 
rough way on the geologic map, the deposits overlie the folded tertiary 
formations. In this locality it is likewise difficult to decide whether the 
tuff deposits are suhaerial or water-laid and much further work must be 
done in order to determine their full extent. The tuff is found at 


Upland 
Lwke shore 


FIG. 9. — Sketch Showing the Relations of Tagay-tay Ridge and the Upland 
ON THE NOKTHEAST BOEDER OF TAAL LAKE AS SEEN FROM LiPA POINT. 

levels of at least 50 meters above the sea and there is naturally some hesita- 
tion in assuming that there has been so great an emergence as would have 
been required to lift the tuff beds from below sea level. 

In the uphmd to the southeast of Pagsanjan the streams flow in deep 
gorges in the walls of which coarse agglomerates with a matrix oi! tii Tmic- 
ous material are exposed. In places there are clear indications of bed- 
ding and some strata of the tnfaceous material arc clearly water-laid. 
The escarpment at the border of the upland east and soiitlieast of Lay 
Lake appears to have once been a cliff and later its base was the bordtu* 
to Bay Lake wMeh has since receded from it. With the elevation of 
the area the streams of what it now the upland^ cut their valleys deeper, 
forming g^Tgm and' the' falls, canS'ed by the i^esistance of the harder beds 
of the agglomerates have gradually receded to their present positions. 

' In this 'coweetion it interesting, to note that s'omedufaceouB' deposits 
relatedVb/the;ar^,nf hasaltio^eftiptives in the wicinity 'of Antipolo appear 
to he water-laid and contain eon^omer ate phases well exhibited in the 
stream bed near tlm railrqad > bridge* 

At the gorge of the Mariqniiia ExYer, where a dam has been built as 
the headworks of the Manila water supply, it is apparent that the fiver 
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has cut its clianiiel dowu tlirougli tlie ridge of limestone which iornis 
the gorge. In the accompanying profile (jig. 10) traced from a plioto- 
gra]}h, the proljable former levels of tlie stream are indicated by benches 
on the walls of the gorge. The ekwations of these benches weix* de- 
termined with considerable accuracy by the engineer in charge of the 
eonstrnetion of the dam. The highest is at a level of 342 meters. If 
these benches Imxe been itrodiieed by tJie side cutting of the llariquina 
lii\'er it indicates a very considerable elevation of the locality and one 
wdiich is commensurate with the elevation which may have taken place 
at Antipolo and in the southern part of the eastern cordillera. The 
Alaricjuiua Iliveiy after passing the gorge, reaches the tuff fonuaiion 
near Montalban. The tuff being water-laid indicates the former presence 
of the sea at illontalban and at that time the river may have flowed into 
the sea but a short distance from the gorge. Subsequently, as the land 
was elevated^ the river lias cut its channel to the present grade. 



Fig. 10. — Pbofile op the: Gorge of the Maeiquina River at the Head Works 
OF THE Manila Water Se^pfly, Showing River Terraces Cut in Limestone. 

Coralline limestones and marls , — Dana records in discussing the 
geology of Luzon that he was told of a bed of coral occurring at Point 
San Diego, at an elevation of GOO feet above sea level. Later, Von 
Drasclie in writing on the Philippines, cited Dana as authority for the 
occurrence of raised reefs, but seems to have made a mistake in the 
locality, since he says that they are found on Santiago Point, and on 
his geologic map he colored a portion on Santiago Point to show the 
presence of younger coralline limestones. Hot having access to Danabs 
paper, and accepting Von ’Drasche^s mapping the writer made a trip 
westward from Balayan into Santiago Peninsula to see the extent of the 
formation. Coralline limestones and maxis were found at an elevation 
of 200 meters. This formation together with the surface soil and 
vegetation, effectively concealed the underlying rocks. The limestones 
have the appearance of reefs and occur at elevations intermediate between 
the highest on the Upland and the living ones in the sea. Mrh Clark, 
who Vas mj" assistant in the afield' work, made an' excursion^ south from 
;3SraBUgbU: and passed' near: Sail' Biego; Point. ^ He report^;, the occurrence 
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of marine sediments similar to tlie marine conglomerates found on tlie 
daiiks of tlie Pico de Loro Mountains^ but containing few bowlders and 
some coralline reefs. On tlie strength of these observations^, Santiag'o 
Peninsula is mapped as occupied jiriiicipally by 30 ')iingcr coralline lime- 
stones and marls. 

An area of coralline limestones also occurs southeast of the Loboo 
Mountains and, as has been explained in another part of this paper, 
these limestones are associated with some marls and probably grade into 
tuffs. 

Ill making an excursion south of Lemery along the sea beach to 
Point Ligpo, a limestone was found included by basalt and evidently 
metamorphosed by contact with the igneous rocks into a very dense 
stone- A peculiarity of this limestone not noted elsewliere in studying 
the similar formations, was the presence of small cavities, or druses, 
lined with clear quartz crystals. The exposure occurs on the beach and 
could not be followed very far inland. The peninsula was not thoroughly 
explored. It may be that this limestone is a fragment of a tertiary 
formation, but it seems more probable that it is a younger coral reef. 

Classes of igneous rocks .^ — Some petrographic work has been done upon 
the rocks of this district, but it has been confined to a few specimens 
eolleeted during reconnaissance wmrk. Oebbeke classed the rocks of Taal 
as volcanic augite-andesite. Yon Drasche recorded them as dolcrito 
with certain exceptions wdiicli might be classed as augite-andesite. 
Becker says that the active and exinct volcanoes of southern. Luzon 
appear to be mainly andesitic, but not devoid of basalts. 

A number of specimens were collected for petrographic study during 
the field work w^hich was carried on for this report. They have been 
determined as andesites and basalts, but there is a gradation from, one 
class of rocks to the other. Apparently the basalts are the younger 
rocks and they are found associated with the andesites in practically all 
the eruptive centers of the district. 

Stmciure of the region . — There has been a tendency on tlie part of 
former writers to consider the active and extinct volcanoes of this district 
as forming a part of a chain extending into southeastern Luzon. This 
is at variance with the structure of the island wdiicdi, with tlie exception 
of tlie Loboo Mountains, has a northwest trend. 

Banahao and its subordinate peaks lie near the belt of folded tertiary 
sediments which have a strike of N. 30® W. and in so far as is 
known there is no great fracture crossing the Tertiary formations. It 
has ^ been pointed^ out ihat Binangonan Peninsula,, Talim Island, Mount 
!^aquiling,V'and\^ Mount 'Malarayat ^ form a nhain ofnruptives on an 
;;approximateiy and 'south Me^' or on '.two, parallel Hnesdianng nortli- 

west trends. Taal Volcano and the eruptive peaks whM are grouped 
around it aye in^^ttike Mfh the of % central valley oi Lmpii. 
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Arayat^ ’\vliieli rises as a lone peak in the central valley, probaol}' lies 
on the same structural line as Taai. The volcanic centers of the soiitli- 
vest district are thus readily referred to a parallel system of hssures 
which corresponds to the trend of the east and west cordilleras. The 
location of the volcanic peaks of southeastern Luzon boar a similar rela- 
tion to the trend of the mountain ranges of eruptive rocks and the Ijelts 
of folded sediments in so far as they are now known. 

The emergence of the marine conglomerates, water-laid tnif and 
coralline limestone has already been touched upon in previous paragraphs. 
The amount of emergence is shown to be at least 200 meters in the 
western cordillera district and there is some evidence that it is greater 
in the area of the eastern cordillera district possibly amounting to as 
much as 500 meters. It is hardly probable that such great changes of 
level should have taken place without being accompanied by displace- 
ments. Two probable fault lines have been mentioned, one passing 
to the east of the agglomerate area near Point Santiago and the other 
extending northward from the base of Mount Gonzales and passing to 
the west of Bay Lake. The volcanic rocks and the volcanoes lie along 
great fissures and it is probable that displacements have occurred ■ on 
these structural lines during the emergence of the region. 

It has been argued in this paper that the probable trend of the struc- 
ture is northwest with the e.xception that in the Loboo Mountains it 
is to the northeast. It has occurred to me that a structural line having 
a northeast trend may pass through Balayan Ba\y Taai Yolcano and 
the southeastern border of Bay Lake. If such is the case the line would 
form the southern boi'der of tlie elevated fault block which includes 
BatulaO;, the Tagay-tay ridge and Gonzales. 

It is well known that southwestern Luzon has suffered severe earth- 
quakes. There has been a tendency to refer these seismic distm^banees 
to volcanic centers. It would seem more desirable to refer tliein to 
tectonic lines; but the systematic study of the earthquakes has not been 
carried on for a sufficient length of time to make this possible. 

Origin of Taai Lahe . — Father Zuniga regarded Taai Lake as originat- 
ing in the collapse of a volcanic cone, and this theory was accepted by 
Hochstetter, Yon Drasche and Cent-eno. Becker says that the theory 
o£ volcanic collapse to imply that an empty space beneath the 

earth^s surface is formed by the eruption of lava and that the inter- 
vening rock is too weak to bear the load put upon it. . . . I doubt 
this theory as applied to volcanic cones excepting only when invoked 
to account for local details of structure. ... On the other hand, it 
is well known that craters of vast size haire been formed by explosions, 
and I can see no reason to doubt that Bombon may have been, probably 
has been, formed in this way in spite of its large dimensions/^ Taai 
Lake As evidently a caldera formed by peripheral and radial faulting 
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and the subsidence and collapse oC the many cones -wiiidi have l)een 
formed within its area during prehistoric eruptions. The ])rocoss of 
formation has been coiitinncd to a small degree during liistoric iiino. 

The fact that the caldera is occupied by a. lake prevents in n birgt^ 
measure the study of its origin. However, i]i the brieL notes ttonceniing 
the two eruptions of Taal, it is recorded that within Taal Lake a new 
cone arose as an island and subsided, leaving as its I’oninauts two small 
islands which lie to the east of Taal A^olcano. In anoilicr eruption, a, 
portion of the shore of Taal Lake near the former site of -the settkmient 
of Taal subsided below the water. Alauy who see the slieer face on the 
west side of Mount Maealod form the opinion that a large mass of the 
mountain has subsided into Taal Lake, and as substantiating this idea 
it is pointed out that the deepest part of tlie .lake is .found neai- this 
mountain. While stud 3 dng the shores of the lake it was observed ihat 
in certain parts they are precipitous, while in others they are eroded 
into gentle slopes. It may be that some of the precipitous sliore lini‘s 
are due to recent faulting and displacement, hut it will require a detailed 
study to prove this. xAnderson,^ in his article on Aso T"oleano in Japan, 
has given a list of 31 important calderas, among which lie mentions 
Taal. He points out three ways in which calderas may have originated, 
namely, by being built up around a vent of great magnitude, by the 
explosive removal of a volcanic mountain or by the subsidence of the 
area inclosed within its walls. The writer doe>s not feel eompeieiit to 
discuss the theory that Taal Lake lias been formed by explosions as has 
been suggested by Becker, but not fully outlined by him in its applica- 
tion to the volcanic center of Taal. 

There are many objections to Centeno’s elaboration of Zuniga’s theory 
that Taal once had a high volcanic cone. Centeno assumed that the 
ridge (cordillera of Tagay-tay, elevation 500 to GOO meters) between 
Mount Gonzales and Batulao represents a portion of the base of a 
former cone which he reconstructed, theoretically assigning to it an 
elevation of 3,750 meters. The ridge, however, does not have the fonu 
of a of the base of a cone and moreover thex*e does not remain 

any evidence of similar features to the east and soutli of Taal Lake, but 
instead, the tuff formation is nearly horizontally bedded and forms a 
plain with an elevation ranging from 150 to' 250 motel's near the lake. 
A large 'part of it is certainly water-laid. It is manifestly incorrect to 
assume that Mount .Alacalod is. a part of the fsouthenybase of a former' 
cone of Taal .'as 'Centeno 'ha^'„argued, since it is,^ an, exupfive mass' txnlike 
the Tagay-taj lidgov It is 'suggested that the ^ ridge' to ; the north of 
Taal Lake may be due to elevation of a fault block. While tlxere is 
little ceidainty that this is tru% it would be consistent with the general 

M IkVge Caldera. Joum. a$ot, (1908), 
Ko. O4 tJniv. ^ ^ ' ■ 
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stnietiire of the region and would account for the topographic features 
north of Taal including the escarpment west of Bay Lake. As has l}eeii 
quite fully accepted by all writers, the sea once flowed through a strait 
]3etweeii the eastern and western cordilleras and at that time it oc- 
cupied a large part of the southwest district. There is no need to as- 
sume that Taal Volcano has ever formed a peak of great altitude in 
order to account for all phenomena connected with it. and the topography 
and structure of tlie region can be adequately explained if it is considered 
as a volcano wliich has always had its crater at a relatively low elevation. 

The outlet of Taal Lake is the Pansipit Biver. This stream has 
sltallow places in which large bowlders of l^asaltic rock are exposed and 
some of these seem to he in place. The Pansipit Valley appears to have 
been eroded by the stream which occupies it. At the outlet of the lake 
it is bordered by a V-shaped area of low land. Farther on, the river 
occupies a somewhat tortuous channel bordered by narrow alluvial lands 
and then flows along tlie eastern border of a broad delta area. The 
cutting of the Pansipit Valley has probably been concomitant with the 
elevation of the land. Some writers have expressed the belief that Taal 
Lake was once an ami of the sea and that it contains brackish water and 
a fauna and flora which is in part of marine origin. The water is 
slightly brackish when tasted but there is no evidence that it lias been 
salty during recent times because of an admixture of sea water. Its 
character has probably been temporarily changed during eruptions of 
Taal. 

Origin of Bay Lake . — There has been a tendency on the part of some 
writers to consider Bay Lake as having originated tlirough the subsidence 
of a volcano, or to have been formed as a crater. Dana discovered no 
evidence that the lake corresponds to a single crater, but he considered 
Talini Island as a volcanic center, and Bay Island as consisting of the 
lavas of another vent. As has already been noted, Hochstetter has 
suggested that the part of the lake called the rineonada probably marks 
tlie position of a subsided crater, but later authors have not concurred 
with his views. Jagor has described Bay Lake, but lie has propounded 
no well-defined theoiy of its origin, although one may infer that he 
considered it to have been at one time an ami of the sea. He found 
a deposit of marine mollnsks (principally Tapes virgim-m and Ceritlimm 
monilifenim) 3 meters above the level of the lake, near the point of 
Jalajala Peninsula. He considered these as indicating an elevation of 
the land. Both states in his notes that these species were determined 
by Martens and that they belong to the present fauna. 

Von Drasche liad no^ doubt but that the lake was once an arm of the 
sea slmilar^: to , Manila Bay at the presentdime, and that it was separated 
by an eruption' of Taal, and has since become fresh water. Becker calls 
attentionktodhe Tact 'That Bay; take is, y&xj shallow; the Coast 'and 
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Geodetic chart sIioats d meters at a j)oiiit west ot halim Island as 
the deepest sounding. There are but a few places wliore a boat (am 
reach the land. The height of the lake above sea level is stated on tlie 
Coast and Geodetic chart to be from 0.7 to 1.3 meters, llroni in((iiiry 
it was learned that the level of the lake varies as nunh as 2 inc'lers 
between its lowest and highest stages. The liighest stages hav(^ been 
produced by exceptionally heavy rains during tlio wet seasons o{; certain 
years. It is stated in a footnote in Abella's report on Mount Mapuiiing 
that the original site of the town of Bay^ which is the oldest ol tlie towns 
founded on the shores of the lake, was to the west of the moiitli of 
Bay Eiver^ and is now covered by water. Becker^ referring i.o tills 
statement^ says that the change is seemingly due to sllglit earth move- 
ments. Bay is now located on the same river further inland. Mart i iie;^ 
de Zuniga states that a town called Tabuco, whicli^ according to ohieial 
records existed on the western shore of the lake in 1G03, is now under 
water; the settlement having been moved to the present village of 
Cabuyao, Becker also notes that the small island of SuniiU near 
Los Banos is now united to the mainland. It is probable tliat the 
name Sunuli refers to Maliiimbas Point which contains the crater lake 
called Laguna de los Caimanes. It is described by some as an island; 
by others as a peninsula^ depending upon the stage of the water in. the 
lake at the time of the observation. Tbe moving of tlie towns al)Ove 
mentioned from their sites may have been brought about by the iiooding 
of the lowlands on which they were situated, and possibly the cutting 
of tbe shore by changes in the channels of the rivers entering the lake 
near them. The vnriter had the misfortune to spend a night on board 
a small steamer wbieh was rim on the mud at tbe nioutli ot* Bay 
River in order to escape the fury of a typhoon wluch caused high waves 
in the shallow lake. Near the point where the primitive settlement of 
Bay is supposed to have been situated, there ai’e now some Imuscs, and 
during the storm they were easily accessible in lancas. Such a position 
would manifestly be insecure for building a town, and it is not im- 
probable that the original settlement was moved to escape the disaster 
which might be wrought by similar high water. 

Becker states that the lake basin is merely a portion of the great 
plain of Luzon separated from the main area by a slight undulation of 
the surface. The escarpment which is found lying to the west of the 
alluvial lands bordering the lake, has already been explained as a fault 
scarp which has receded westward by erosion. The escarpment descends 
gradually from Mount Gonzales to elevations of about 40 meters and is 
cut through by the valley of the Pasig River to the east of Manila. It 
is probable that this ^ is a part, of a fault block which has been 
raised more than the country occupied by the lake, and the elevation 
inay have been gradual so that the , cutting pi the channel of the Pasig 
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Jtiver was aL-eoiiiplislied as the land emerged. This theory of the origin 
of Laguna de Bay is somewhat similar to one propjosed by other writers, 
who have considered the lake once to have been an arm of the sea, hut 
it supposes a differential movement of the land to the west instead of 
The formation of a long bar, or spit, of water-laid tuff which upon being 
elevated, cut off the lake from iffanila Bay. 

Eeturning to the evidence presented by the finding of marine fossils 
on the shores of the lake, the writer wishes to question the fact of the 
shells having been deposited in marine banlts. TTliile studying Jalajak 
Peninsula, and inquiring concerning deposits of shells, he was told of 
a place situated well up on the fiank of the mountain and near the trail 
passing from over the peninsula, where numerous shells could be found. 
The locality was visited and the place was seen to bear many indications 
of having been the site of human habitation. The shells were exposed 
on the surface or slightly buried in the soil, and occurring with them was 
found the bone of a carabaO'. At the present time there are some houses 
near by which are occupied during a part of the year when rice is 
cultivated on the hillsides. It seems altogether probable that the ac- 
cumulation of shells is in the nature of a kitchen-midden. 

Ill the first part of this article reference is made to a statement by 
Smith that he found marine-cut terraces on the east face of a limesTone 
ridge in Binangonan Peninsula, and shells of CrassateUites lying on one 
of these terraces. The writer, upon examining the locality, could see 
no evidence of marine-cut terraces, hut he did find some shells lying in 
the trail, and it was his opinion that they had Ijeen dropped there by 
travelers. It would be very interesting to find beds eontaining sliells 
on the shores of Laguna de Bay and their presence would be entirely in 
accordance with the probable history of the lake: but until authentic 
cases of the discovery of fossil shells are reported it would be well to 
rely on other evidences to prove the elevation of the region. The occur- 
rence of deposits of water-laid tuff at considerable elevations near the 
borders of the lake at other localities than the western shore is a 
suflleiently definite proof of the emergence of the land bordering the 
lake basin. 

MIXEEAL EEBOUKCES. 


Lanatin iron deposits— In his Ligera Beseua de la Mineria de las 
Mas Filipinm, Abella says under the heading : ""The , deposits 

in the present district, of Morong were in reality the first to be exploited 
and smelted, the object being to manufacture munitions of ward^ , 

.'In discussing Angat iron depo.sits, MoCaskey (quotes the above statement, 
and in. his report publishes two analyses of iron which he, found An theyecorda 

Mmm.\ Both', of, these samples were probnbly from 
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the same locality. Tlie sam])les desijrnated ns from the Laiiatiii TUvor, town 
of Bosoboso, Province of Moron^, showed 06.08 per cent inetnllic iron ; i,ho other 
from Santa Inez, town of Bosoboso, Province of f^iorong, showed 53.41, per ccnit 
metallic iron. The reference to Bosoboso probably accounts for the snbse<|U{mt 
statement by MeCaskey in his Fifth Annual Keport that tlier(‘ are (h‘j)osiis of 
iron in Bosoboso. : 

III visitiiig tlie Laiiatin deposits ilie writer jouniuyed by the way of 
Bosoboso, past the deserted settlements of Ban Jose, Ban Jsidro, and 
Santa Inez. At Santa Inez there are small ])Ow.]dcrs of iron ore in the 
riveiy and the remains of the ahutments of a susjiensioii bridge are in 
part constructed of bowlders of iron ore. Bowlders of iron ore, some of 
which are from 2 to 3 meters in diameter arc encountered about one 
liouiB w^alk up the river in the bed of the stream. The mountain to the 
west of the river w'as evidently the source of these masses. The lowcu‘ 
slope of the mountain was ascended along the bed of a stream whicli 
empties into the river just above the bowlders. The country rock 
exposed by erosion is an andesite containing numerous small specks of 
pyrite, and in some places bunches of pyrite were found in sheer zones. 
The larger masses of pyrite were partially altered to hematite. In 
places there is a small amount of chalcopyrite ])resent and the altera- 
tion has given rise to a coating of the blue and green copper carbonates. 
The copper ores have been prospected lately, hut have not been found in 
encouraging quantities. On the wall of the ravine, a face of rock was 
seen ‘which showed a considerable amount of iron ore, coating and replac- 
ing the coimtiT rock. This has somewhat the appearance of a dyke 
ninning up the mountain, although there is no proof that it is, since 
the dense vegetation obscures the formation excepting in the w'alls and 
bed of the ravine. ISTear the top of the , hill there is an outcrop of iron 
ore. The summit of the hill is capped by a lieavy bed of limestone such 
as is frequently met with in the eastern cordillera. In descending, 
exposures of a metamor]>hosed. fine-grained clastic rock were seen in 
the bed of the ravine to the south of the one which was followed in 
ascending. This rock contains specks of pyrite, but no bowlders of 
hematite were seen. A simple and sufficient explanation of the origin 
of the iron ore is that it has been derived from the pyrite which is found 
disseminated in, the country', rock and occurring' as masses in the sheer 
zones. ' It ' is probable , that the 'mineralization is, , a result' of contact 
phenomeha resulting from the intiusion of the andesite in the sedi- 
mentary formation. 

The amount of iron ore is sufficient to supply a small furnace operating 
as a local industry; and utilizing charcoal in smelting, but there is at 

which would warrant the establisK- 

'«amined this 
indte 'piromteing At n 
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distance of a long clay’s march in tlie nigged and very little kiioini 
country to the northeast. 

Iron deposits near Santa Inez . — A deposit of iron which has never 
l)een worked occurs a short distance to the north of Santa klaria, in the 
valie}' of the Santa Maria Eiver which enters the northeast arm of Bay 
Lake. The position of this deposit is shown on d'Ahiionte-s map of 
Luzon, and to the south of it there is indicated an outcrop of coal. From 
incjuiry it was learned that neither the coal nor the iron are of sufficient 
importance to warrant special investigation. 

COPPER. 

Prospects in the Lohoo Mountams . — Some prespecting for copper was 
carried on in the noifheast part of the Loboo Mountains on the head 
waters of the Calbasahan Eiver. The locality was visited by Smith in 
1905. He described the occnri'ence of fissure veins whicli are in two 
sets, the main ones striking in a direction north 10® west, and the others 
north 45® to 51® west. The country rock is a diorite with more or less 
gneissie phases. The principal copper ores found were black oxide of 
copper and bornite with some carbonates^ but occuring in small pockets 
and thin veins. Inasmuch as the prospecting did not develop any work- 
able deposits^ they were abandoned. 

Prospects on the Lanatin River , — In describing the iron deposits on 
the Lanatin Eiver, reference has already' been made to tlie occurrence of 
copper stains on the iron ores, and occasional small pockets of copper 
ores. The ])rosi}ecting failed to show an encouraging amount of ore. 

GOLD. 

]\Iany reports have been received concerning the presence of placer 
gold in the rivers which have their sources in the eastern cordillera to 
the north of Bay Lake and in places some platinum is found with the 
gold. *For example, the Mariquina Eiver near Manila carries a little 
line gold, and prospectors have panned a good number of colors in the 
Hovaliehes Eiver and in streams further to the north. There is little 
reason to suppose that any of these placer deposits, even if locally work- 
able, will prove important. They have been investigated many times. 

Just to the north of San Isidro on the trail to Santa Inez, there are 
a number of pits dug near the trail in an area of low land bordering a 
small', stream. This 'locality, has been prospected within the' last few 
years and some 'gold found, but not enough to^ warrant systematic work. 
San Isidro is now within the watershed of Manila, water 'supply resenm- 
tion and further work at the locality is prohibited. 'However, there is 
little, reason 'to helieve'fhat anyone would, care to make further attempts 
at' the''P'laoe'.'y, The' following explanatiO'n ''Of the '.occurrence of placer, 
gold', the ''localities,, ''described ''ah^ offered with some hesitancy, 

rt'llyas 'ih', discussing; the; g^iogy of ; the. eastern co'rdillera,' 
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that dioritic rocks are present and that the ii’on deposits at Lanai in are 
related to them. At the Lanatin deposits the principal ore is pyritc. 
Assays show that the ore carries some gold. Pieces ot rock which t'aitu) 
from the excayations near San Isidro showed mineralization, and on 
fresh surfaces, well disseminated pyrite. The processes ot erosion and 
rock decay have probably liberated the gold associated with tlu* pyrite and 
given rise to the placer deposits. In addition tO' the pyrite as a sonree of 
gold there may lie some gold-bearing qnaidz veins in tlie eastmm eordiiiera, 
hilt in so far as now known the veins of the region, are not nnU min- 
eralized and no mining claims have been staked on quartz lodges. 

COAL. 

The presence of thin beds of coal in the eastern cordillera has held 
out the hope to many prospectors that thicker beds migjit be found. 
In the belt of sedimentaries associated with the limestones whieli pass 
Antipolo and the waterworks gorge near Montalban, beds of coal a few 
inches thick have been prospected from time to time within the last 
few years and some work has been done with the hope of discovering 
thicker beds, but withont encouraging results, Ic.kis records the fact 
that coal was found in the belt of sedimentaries which he crossed between 
Infanta and Tanay, but he states that it is an inferior lignitcc Further 
south in the same belt of sedimentaries coal lias been found near Ati- 
monan. On D'Almonte^s map it is indicated as occurring on. the Ihig- 
bilao Islands east of Lucena, but no reports as to its thickness have 
been received in the division of mines, and there is little reason to 
believe that it is of economic importance sinee^ although well situated, 
it is not mined. 

Bulacan coal field , — McCaskey while studying the iron deposits in 
the eastern cordillera near Angat found some beds of lignite and received 
information concerning the occurrence of similar deposits near his field 
of work. Eecently, the division of mines has received a sample of coal 
from the valley of the river which passes hiorzagaray, and which m 
sometimes called the Matictic, The coal seam, is said to have a workable 
tMekness. It is e.vposed in the bed of a stream about 18 kilometers 
from FTorzagaray, and beyond that point it is found outcropping in some 
hills. Mo investigation of these coal beds has been made by the division 
of mines;, since^ the, ,information- concerning their .existence was' received 
wbrk;iof tliis report was completed. 

OAS. 

W"#er 'in, the, central; plains . region, , gas 
' ^ I)arrio of; Manalin. 

'^tirn with a flame about 
but after a few days the 
fW !gas was struck at Santo i 


Id, drilliag ■wells for art^ian 
1'^ at Toidw 
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1'oiuas was about 38 meters. At Santa Eita it was eiieoiuitered at a 
sliglitly shallower depth which was not definitely reported. The forma- 
tion is a recent littoral deposit containing beds of shells and iiiiicli 
organic matter buried in silts. The gas probably has its origin in the 
decomposition of the organic matter, and there is little probability that 
the amount will he sufficient to prove of commercial \’aiue since flows 
of gas encountered at shallow depths in similar formations are usually 
soon exhausted. 

Ill the well which was drilled at Bay in the area of alluvial deposits 
bordering Bay Lake, an intermittent flow of gas was encountered at a 
depth of 69 meters. Iso record of this well has been received by the 
division of mines, hut it is presumed that the gas at Bay has an origin 
similar to that of Santo Tomas and ^lanalin, with the difference that 
at the latter place the deposits were formed on the border of tbe lake 
wliile in the former they are brackish water deposits belonging to the 
river delta area bordering Manila Bay. 

STOVE. 


Guadalupe and Meycauaijan stone . — The principal building stone 
used in Manila in former years has been the water-laid volcanic tuff ob- 
tained along the banks of the Pasig. It is a soft stone which can readily 
be cut with axes and bolos, and the facility of transportation on tlie 
Pasig to Manila has rendered it a cheap stiuctiiral material. A similar 
stone reputed to be of a somewhat better quality is obtained to the east 
of Meycanayan^ and it has also been used in Manila. Many quarries 
have been opened within the area of the tuff deposits, but. with the ex- 
ception of the Guadalupe stone from the Pasig Eiver banks and tlie Mey- 
eauayan, none of the products have received trade names. The tuff has 
low compression and tensile strength and when used in large buildings 
requires the construction of a very thick wall. The fortifications built 
by the Spaniards around the Walled City of Manila are of this stone 
and it was used in public buildings and the numerous churches in the 
capital, and had been shipped by water transportation to many towns 
in the provinces. It is fast falling into disuse except for low walls and 
fences* 

Smman andmte. — large commercial quarry at Sisiman, which lies 
to the east of Mariveles on the north shore of the entrance to Manila Bay, 
was opened for obtaining stone for biiild,ing the breakwater and harbor 
impovements at Manila. Stone from this locality had been used during 
Spanish times as a ; building stone and for paring blocks ^ in Manila. 
A good sample of its rise as a building stone is found in the Spanish 
Bank Building,^ where it was, employed principally in ' columns and in 
trimming. It hasla' soft/’gray appearance when weathered. Ite princi- 
' pal defedt ,is itsAendehey 'to scale' which is ^exhibited' some blocks. ; 
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Tlie Sisiman quarry "vras developed in a small bill wliicli in its centj'al 
portion exliibits a massive columnar structure sucli as is found in tin* 
volcanic neck and stock. Tins structure was favorable to the quaiTviuft' 
of large stones which were needed in building tlie breakwater. A erusli- 
iiig plant was estahiished for supplying crushed stone and a considerable 
quantity has been used in concrete construction in Manila. 

Basalt . — During the Spanish regime a quarry was opened on a small 
peninsula near the town of Binangonan and some paving blocks 
cut at localities near by. The quarry had too small a face to warrant 
development on a commercial scale,, and, moreover, the rock was variable 
in texture. Some stone was obtained' from the locality when the ini- 
]>rovement of the streets of Manila was begun by the Americans, but 
in a short time they transferred quarrying operations to Malaga Island , 
which was then used as a prison. 

Certain textural varieties of this basalt are employed for making small 
stone mills such as the natives use for grinding and hulling rice. 

The city of Manila opened a large quarry at Siibay in the iiortl least 
part of Talim Island, and this has been the principal source of nearly 
all of the stone used in macadamizing Manila streets. Tliere the basalt 
(K:eurs in the form of a flow, but it is of variable texture, portions of it 
being vesicular and somewhat seoriaceous. This has rendered it difficult 
to obtain an even product, and the city requested the division of mines 
to look for a more suitable location and a better stone. 


Gahhro , — ^The Spanish authorities established a quarry southeast of 
Angono for the purpose of obtaining stone for riprapping a part of the 
Pasig Eiver banks near Fasig and building a short In^eakwator for Ma- 
nila Harbor. The records show that they installed steam drills and a 
tramway to the border of the lake and built a stone pier to faciiitato 
the loading of scows by dumping from the tram cars. All the equipment 
was sold and the quarry abandoned before the iinierican occupation. 
The stone pier remains to mark the termination of the tramway and by 
following inland, the quarry may readily be fo\md. The rock is a brec- 
eiated gabbro, suitable for rough stone or crushed stone for concrehi 


work, but it is not well suited for macadamizing roads. A new quarry 
site has been selected by me to the northeast of Angono, where the 
gabbro is' of' eveflTextnre.,, ^ The, stone, at this^, place is probably, the best, 
which obtained: for use as. road material in 'Manila,' and the city 

'is making' 'ain^gem'euts to open, h' quarry, there and abandon the one, now 
in operation at Talim Island. 


In addition tn the quarries, above mentioned, considerable etone , is 
broken up by hand on Talim and Binangonan Peninsula. It is 

Srtl. io* Bay Lake. , .Bonnexly a 

when 'the road from 
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Calamljci t{» Los Lanos was eonstnicted. The rnek. which is an andesite, 
is exposed in a high face, and tlie (jiiality was found to he satisfactory. 

Lunesione . — Limestone frojii east of Montalban has heeii cut ami po- 
lislied for the base of eoliinins in some of the churches in ]\[anila and has 
heeii Tised tor fiooi-s, sidewalks, and for paving patios. 

GRAVEL. 

A large amount of gravel is dredged from the Pasig and Mariquiua 
Livers for use in concrete construetioip surfacing roads and filling low 
areas. It is of fair quality and makes a good substitute i’or crushed 
stone in concrete work, although it is not so evenly graded, and will not 
stand so great a compression stress. 

Beach gravels and bowlders liave been transported from the nioutii of 
the Pinamnean Liver, on Batangas Bay, to the town of Batangas. where 
they were erushed and used in constructing the macadamized roads 
leading to Bauan and San Jose. The bowlders are andesite ami have 
suffered considerable disintegration by the action of water, so that the 
crushed stone from them is not as good as would be obtained from a 
quarry of the same rock. 

SAXD. 

Sand for use in Manila has been principally obtained from the Pasig 
Liver b}’ diving and dipping it up in baskets and by dredging. During 
the ffeld w'ork which was done for this report, a large deposit of sand 
was found in the Orani Liver, which is navigable for lannches. It is 
of superior quality and some of it is now being used in Manila. 

Sand has also been obtained from Sangley Point near Cavite, but it is 
of inferior quality. In building the fortifications near the entrance to 
Manila Bay, heacli sand consisting largely of fragments of shells has 
been used. There are many places where sand, is available, and in luiild- 
ing concrete bridges and public buildings it is customary to use a local 
supply. The sources above mentioned are the only ones from which 
large quantities have been obtained. 

CLAY AND CLAY PRODUCTS. 

A fair quality of kaolin lias been obtained for many years from 
deposits situated on tbe lower slopes of Mount Maquiling, near Los 
Banos.; It' is used in making whitewash. It has evidently been formed 
by the disintegration of rocks through solf ataxic action, since there are 
small solfataras and hot springs'near the 'deposits. A similar kaolin has 
also been worked near MatiquiO' on the east side of Jalajala Peninsula 
and' in 'a small ‘ way to, the' east of Kasugbu. Within the tuff area there 
arC' some' deposits' of fine-grain'ed clays interstratifled'^with, the tuff beds 
and occurring %■' more or Jess lenticular masses. /One of' these 'which has 
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received some investigation is situated near Bocaiie. iVllnvial clays are 
found in niaiiv places and are employed in burning ordinary rod pottery 
and soft brick. The pottery industry is carried on principally along tbo 
Pasig Eiver and in tiie eastern part of the delta of tlie Painpanga River. 
The usual product is an nnglazed red ware, which is smuetinies given 
a wash of red ocher before it is hurnecR but at San Pcdi’o Macati semi- 
vitrified wares are made. A poiuelain factory was established at Manila 
on the banks of the Pasig at a place called Mandaloyan, by Don Enrique 
Zobel. The foreman in charge of the work was a Filipino wlm had 
learned to make pottery during a residence in Japan. The clays wliich 
were employed were obtained from Los Banos, Bocaiie and hfasugbu. A 
fair grade of ]3orcelain and glazed pottery was produced. In so far as 
the writer has been able to learn, this was tlie first attempt to establish 
the porcelain industry in the Philippine Islands. It did not meet with 
success, owing to the many difficulties which were encountered in obtain- 
ing materials of suitable character and of nniform quality. Enough 
wus done to demonstrate that there is a future for the induvStry. The 
factory is now dismantled. The Bureau of Education has taken sorao 
steps to teaeli the making of pottery and stoneware in trade scliools, and 
at the present time experimental work is being carried on. 

SALT. 

Common salt is made by the evaporation of sea water at Paraiiaque 
and Batangas. The brine is usually filtered through a bed ol; gravel and 
evaporated in a tank having a lime mortar floor. No refined salt is 
produced in the Islands. 

LIME. 

Lime is burned from coralline limestones and corals obtained fron^ 
reefs on the beaches of Tayabas, Batangas, and Balayan Bays and near 
Kasugbn. At Alalabon seasbells are used. Small limekilns are situated 
on the Pagbilao Islands and near Tayabas and Lncbam Limestone, 
obtained near by, is used. The only impoii:aiit source for limestone is 
the exposure in Binangonan Peninsula. The lime is burned by piling 
it over wood and the product is slaked before being sent to market In 
fact, quicklime can not usually be obtained in the Islands unless it is 
'by specM request ^^One reason for ■this seems to be the use of ^ water 
transportation and 'the loading of the lime into Imim and mcoe$ which 
do notmxitably protect it from water, 'and in case of the'cntrance of water 
would emnse trouble by the^^ h^ of the lime when slaking. Small 
quantities'' 'of : Ikte^' 'sometimes' burned for The' 'manufacture of sugar 
at interior points, near the sugar mills, and for this purpose shells or 
coral are commonly^ used. y . 
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Fig. 1. The 1904 crater blowing oiit steam and gases July 4. Pied Lake in fore- 
ground. Photog-rapli by Dean V. Worcester. 

2. The 1904 crater erupting stones. July, 1904. Photograph by Dean C. 
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Plate IV. 

Fui. 1. The 1904 crater, showing erupted mud. 

2. The 1904 crater quiet. 
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Fig. 1. Erosion on outer southern slope of the crater of Taal. 

2. Erosion on eastern inner slope of Taalj showing bedding in crater rim. 
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Fig. L Napayong and Biibxiiiig Islands in Taal Lake, as seen from Li pa Paint. 
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Fig. 1. Marine conglomerates, small island near Corregidor. 
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Taal Volcano as seen from Banaderos when the steam rises in the morning. 
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- ' ' Pilate 'XL ' ; 

Alluvial lah<3ts3 ■ oast; harder of ^ ^ke. ^ ^ ^ ^ ^ ■ 



11(3 


ADAMS. 


Plate XII. 

Pig. I. Antipolo Palls, on railway to Antipolo. 

2. Botocan Pails, east of Majayjay. 

Plate XI IT. 

Pig. 1. First falls, Pagsanjan Gorge. 

2. Upper falls, Pagsanjan Gorge. 
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Pig. 1. Index map showing physiographic regions of Luzon. 

2. Sketch map showing probable land areas before the (nnergimee of the 

central plain and tbe plains of the southwestern volcanic region. 

3. Shark’s teeth {^qiialidaef) found in a railway cut in water-laid iiilt 

on the crest of the ridge between Bay Lake and Manila Bay. 

4. Mammalian tooth (cf. antelopes of the Siwalik Pliocene of India) found 

at a depth of between 81 and 85 meters in drilling a, well at Pasig. 

5. General geologic section, Infanta to Tanay, Ickis. 

<i. Sketch map of the geology and topography of Mount jMa(][uiling and the 
surrounding country, as mapped by Abella. 

7. Sketch showing the extinct cinder cone Cerro de la Mesa, and outtu* 
crater rim as seen looking south from Calaniba railway station. 

S. Sketch of the tufaeeous area of Taal Volcano as mapped by Centeno. 

9. Sketch showing the relations of Tagay-tay ridge and the upland on the 
northeast border of Taal Lake as seen from Lipa Point. 

10. Profile of the gorge of the Mariquina Kiver at the liead works of the 
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1. Geologic reconnaissance map of soutliwestern Luizon. 

2. Topographic map of Taal Island. 
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FiG. 2. EROSION ON EASTERN INNER SLOPE OF TAAL, SHOWING BEDDING m CRATER RIM. 





Fig. 2. THE CONE BiNlNTlANG MALAQUl ON THE NORTHWEST POINT OF TAAL ISLAND. 












Fig 1. MARINE CONGLOMERATES, SMALL ISLAND NEAR CORREGiDQR, 


Fig. 2- AGGLOMERATES, RAPIDS IN PAGSANJAN GORGE, 
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CONCRETE CONSTRUCTION IN MANILA AND THE 
PHILIPPINE ISLANDS. 


By W. C. BEIBLI^'G. 

[From the Chemical Laboratory, Bureau of Science, Uaniia, P, 1.) 


IXTRODUCTIOX. 

CarefiiL systematic inspection of the sand^ gravel and stone, as well 
as of the cement used in all concrete construction^ is necessary to secure 
satisfactory permanent results. The aggregates available for concrete 
work in the Philippine Islands vaiT great!}-' in quality. Many of the 
sands and gravels which have been used for this purpose are of poor 
quality, and their nature together with that of other available material 
should be thoroughly investigated, since until such information is secured, 
reliable and economic practice in concrete consmiction can not be assured. 
It is therefore desirable to establish a conipreliensive, reliable and 
practical working standard to be embodied in building specifications 
for projects involving concrete construction, such specifications to be 
based on the results obtained by testing the available materials both 
in the laboratory and in structures. 

CONCRETE COXSTRUCXIOX. 

Cement of the value of 1,384,2-02 pesos was imported in the Philippine'* 
Islands during the fiscal year 1909. These figures represent only a 
small fraction of the total for the concrete constructed, as they do not 
include the cost of the aggregate used and construction expenses. An 
industry involving such an outlay should be fostered and given careful 
scientific assistance. 

Portland cement concrete is eminently fitted to be used as a building 
and stnictural material in the Tropics and its increasing use in the 
future in the Archipelago can be' foretold by its ' history in other parts 
of the world. In .America, the :rise in importance of concrete during 
the past ten years has b'Cen phenomenal ; in fact, Porti-and cement mmu- 
facture now ranks' second of nonmetallie, industries in, point of wsdue- 
^2few ends to which' it may be E'pplied with' advantage are' being discovered ^ 
continually, and new macMneiy and a better knowledge 'Of 'the 'value and 
.characteristics of the raw finished products are Reducing its 
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Tropical climatic conditions enhance its Talne, for in onr climate it is 
never subjected to low temperatures. It is absolutely impervious to the 
ravages of white ants. The local high temperature, lieavy rains, and 
alternate humid and dry atmosphere, although rapidly destructive to 
iron and steel and tlieir protecting coatings, are actually beneficial to 
good concrete; adding to its strength, hardness, and durability. 

Properly constructed concrete will resist earthquake shocks and it 
can be made fire and water proof. It protects iron or steel rods, beams 
or girders from rusting. It is sanitary and clean. The materials can all 
be shipped in small parcels no matter how massive the desired structure, 
thus eliminating many of the difficulties of inferior or limited trans- 
portation facilities. 

However, these influences are advantageous only to good concrete. Por 
instance, a bad mixture resulting in a permeable concrete will not 
protect the reinforcement from atmospheric influences, and the iron 
work may rapidly rust away. Cement expands when wet and contracts, 
on diying. Therefore, the concrete exposed to sun and rain should l^ie 
homogeneous and its mortar not too rich, otherwise surface cracking 
will result. It must also be remembered that the same raw material 
and identical process of manufacture may result in a 25 per cent difference 
in the ultimate strength of the exposed concrete if made before, during, 
or after the rainy season. Under the present conditions a high factor 
of safety is our only recourse to assure permanent structures. 

The same conditions existed in the United States only a few years 
ago. Concrete construction was taking tremendous strides, but the 
demand for the more economical use of cement was heard from all sides. 
More reliable construction, better vrorkmanship, more practical building 
laws, and a better knowledge of the value of the natural resources of 
sand, gravel and stone was demanded. As a result, builders, engiiieeT>s, 
architects, chemists and cement testers carried on experimental work and 
the Government aided the inquiry. The Structure-Material Testing 
Laboratory at St., Louis which is devoted entirely to testing concrete 
'material has "an annual; .appropriation of $100, ,000. ' Similar work is 
nec^ry in the;Philippine Islands, and fortunately it can be undertaken 
without, exce^ive ;estra , -expense;^' as we already have' a dully equipped 
, .ceineat-l^ing^lalwratory' at fte. .Bureau, of Science. ' 


TM impMtmm of testing sand and gravel hasffieen fully 

mi {»% 'ftie liteitro m ooBcrele oonstiuction. ' ■ ^ ^ ^ 

an Wnotoic staunpomi'-io'. 
tfc# i^gregates aud their relative, 
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proportions- This fact has been seriously OTerlooked in the past and thousands 
of dollars have sometimes been, wasted on single jobs by neglecting laboratory 
studies, or by errors in theory.'*^ ^ 

The experience of Spaclanan- and Lesley/ described in their report 
read before the Eleventh Annual Convention of the Aiiiericaii Society 
for Testing Materials, is also of special interest. 

These authors found that cement which would harden with one sand, would 
not do so with another, and that great variations of the strength of cement mortar 
were produced by washing the sand- These variations are shown in the following 
table. 

Comparative test of sa7\d icashed and unwashedc Ottawa snnTi, and normal 

cement. 



Age. 

: “A” un- “A'’ 

. washed, washed. 

<Jttawa ! 
sand. ' 

*7 dflvs 


Pounds. Pounds. I 
21 172 

Founds. 

250 i 

! CS dA.vs _j 

130 22S 1 

43S 1 



However, Spaclanan and Lesley state that — 

'^sucli extreme cases are not frequent and from the engineering standpoint are 
less dangerous than -where the lack of strength due to the sand is less marked. 
When the failure to harden is complete, the effect is so obvious as to insure the 
taking out of the defective material; but where the failure to harden is only- 
partial, it may not be discovered during construction, in which event the latent 
weakness in the structure may in time of unusual stress cause failure and 
consequent grave disaster.” 

In another report ^ we find the following: 

“Sand, or the fine aggregate shall be suitable siliceous material passing the 
one-fourth inch mesh sieve, and containing not ot^er 10 per cent of clean, un- 
objectionable material passing the 100 sieve. A marked difference will be found 
in the value of different sands for use in cement mortar. This is infiuenced 
by the form, size, relative roughness of the surface of the sand grains, and the 
impurities, if any, contained. Only a clean, sharp, gi'itly sand, graduated in 
size from fine to coarse, and free from impurities can he depended upon for best 
results. Soil, earth, clay, and fine ^dead’ sand are injurious to the mortar, and 
at times extremely dangerous; and they also materially retard the hardening 
of the ,<»ment. ^ Ah unknown 'or doubtful sand should be carefully tested before 
use to determine its value^ as a mortar ingredientri ' ,, •' 

.^Taylor and Thompson. , Concrete, Flam and' Reinforced. 'Xew, York. (1907), 

Soc.^TesMng 'Materials.. , 

■'b' y*Assoc.^, Am-' Soe,, C, M.'- T;' 'yt , ' ■' '' , i 

X/ ' \ 'hb- ^''’v : y' ';"9\y'''' ' '' 'V'' 
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The absolute dependence of the strength of mortar upon the quality 
of tlie sand is strikingly illustrated in the history of standard sands used 
for eenient testing, and the experiences of this laboratory serve to 
illustrate this fact. 

The committee on Philippine cement specifications adopted as a 
standard sand the natural Tarlac Eiver sand, screened through 20-iiiesh 
to the inch sieve and held on a oO-mesh sieve. With one exception the 
committee saw no reason why the use of this material should not give 
as satisfactory and reliable results as standard Ottawa or quartz sand. 
Tarlac sand was used during many months and was thoroughly tried by 
every method of mixing and various percentages of water; but erratic, 
variable and comparatively low results were always obtained. Even 
when resereeiied, the different shipments gave different resnlts; yet to 
all appearances it is a sharp, clean sand, principally containing quartz 
with but a very small percentage of hornblende and weathered soft 
material. A standard cement tested according to the three specifications 
for cement testing then in use gave the following results.’^ 

Tests of a standard cement mith Tarlac and Ottawa sand and crushed quartz. 


; ' ; 





Relative 




Tensile strength. 

compressive 

- , 





strength. 

. Void 







,Si>£tcitit*atiorts. : Kind of sand. | in , 

^ H 

Water. 


! 


. 

■ 

i sand. 




! 



: 

. 5 > 


7 

28 j 3 

2S 

8 




dayK. 

days.i niontli.s. 

days. 

months. 

; 

.. b 




j 



iPercCTfJ 

I 

j 

, Per cent. 





Am. Sew ' Ottewa S $6.2 

4,183 1 

i 9.5 1 

305 : 

364 ; 395 

1,633 

1,788 

V. S. Amj Cmshed quarter; 47.7 

3,445 ' 

1 12.5: 

287 

327 ;m 

1,360 

1,620 

Fliiiippiue Uov- Tarlac - j 44.7 

3,m 

! *10.7 

220 

264 i M2 

1,240 

1,370 

:■ ermment, ' ; '! , , 


i 





Am; — j Wmt eemenn | 

, 

1 , 21 

600 

1 

635 646 

3,460 

4,009 


. of w^tor aridi loiatlxo^ of mixing gave lower results. 

Tarlae saii^ was filially eoMenmed as a standard for cemeat testing, 
'^d: Ottawa san.d adopted, With Yery. satisfactory results. ' 

; Whm nearly pr^, carefully screened and washed sands differ so 
aittcli in mortar ^ciency, what can be expected of commercial materials 
in which the imparities and grantdarmetric composition introduce still 
otheif facthm 'infinencing .ftmx stutahii% for concrete construction ? 
ts l^aaSiai,' stild ^,]Pasig which flows through the city,: 

construction. Althongh this 
^ is the product of 

' , n i ' < V .^,,1'^*'' r<.u '-t. ’ /v'lt I 1^! , r . i '■ 
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tlie decomposiiioii and abrasion of weatliered^ pooi-gTade gTaveL Ir 
contains but little quartz and a considerable quantit}’ of niie "'dead'*'' 
sand and shells. Its low percentage of voids is its one good feature. 

Dr. George I. Adams, of the division of mines, Bureau of Science, ^ 
lias located several extensive sand beds within practicable distances of 
Manila. The most promising of tliese is that from the Orani Diver, 
which enters the northwest part of Manila Bay. 

These two sands have been under test for some time in this laboratory. 
However, it soon became manifest that the commercial products varied 
so much that it was impossible to report on the relative efficiencies of 
the material now being obtained if these be considered independently 
of granularmetric analysis. The best product from the Pasig Eiver 
is probably a sand obtained from washed gravel screenings containing 
a large percentage of pea gravel. This sand could be screened on the 
one-fourth inch mesh. The best grade of Orani sand contains no small 
pebbles and will all pass through the 0.1-incli mesh. Ordinarily the 
least efficient grains in the Pasig sand are the fine ones which predo- 
minate in the so-called "'banca’' sand dipped up by native divers. The 
objectionable material in the Orani stod is the small, soft |>ebbles which 
are formed on the surface of sand bars exposed at low tide. Sand 
dredged from the chaimei of the stream can be obtained free from these. 
Accordingly, the specifications for obtaining the best qualitj" of the 
two sands will be quite different. 

Some results leading to the above conclusions have been obtained; 
more comprehensive tests are under way and it is also proposed to 
secure information by testing the aggregates used iu actual construetiom 
The latter course is necessary because laboratory tests, to be of most 
value, should be conducted under conditions as similar as possible to 
those of actual practice. Spackman ® found that a concrete which 
hardened at the laboratory failed to do so in actual construetioB, 
because the stone in the rotary mixer ground the hydrated clay in the 
aggregate- to a powder and the paste so produced prevented the cement 
from 'hardening. 

Another essential requirement to, secure proper results, is the develop- 
ment of standard methods of testing 'the mateiiais. We have such for 
iron and steel, cement, stone, and timber, but not for 'sand and gravel. 
Specifications should be theoretical enough do ' insure, /uniformity mi 
'yet practical, enough to meet the 'conditions of actua, I construction work. 
The development ,of' strength in' concrete is, very, elusive': and dependent 
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upon small variations during manufacture and the subsequent exposure. 
Whenever possiblcj samples of concrete should be taken at the construc- 
tion work., preserved and tested according to specific instructions given 
to the engineers and compared with results obtained at the laboratory. 
Also, it would be advisable, with no great outlay of funds as compared 
with the results to be obtained, to have each district engineer examine 
the sand and gravel beds of Ms territory and send a few barrels of the 
most promising material to the laboratory for investigation. A record 
of short and long time tests, together with other information as to the 
location, quantity, shipping facilities, labor conditions, etc., would cer- 
tainly be of much value for futoe use. Construction could be most 
economically specified, and contractors could bid more accurately. The 
demand for this information and its economic value will subsequently 
be illustrated briefly by a few references to work already accomplished 
in this laboratory with the apparatus at our disposal. 

THE GUAVEL AIXU STOKE USED IK CONCRETE OONSTRUCTIOK. 

The main bulk of concrete is composed of gravel or crushed stone. 
The more of the latter materials wMch can be used per unit volume, 
the cheaper will be the concrete. The voids in this aggregate are 
filled, and the individual stones are bound together by the mortar. The 
strength of the concrete depends primarily upon: First, the strength 
of the mortar; second, the efficiency of the gravel or stone; and third, 
the density of the concrete. 

In order properly to specify the relative volumes of cement, sand, and 
gravel for concrete it is necessary to know enough about the raw materials 
to •^^rmulate the best and most economical mixture suitable for the 
purpose. The use of more than enough mortar to fill the voids and 
cover the gravel adds to the cost and subtracts from the strength. 
Even in a well-proportioned concrete the ultimate strengtli is often 
limited by the texture or strength of the coarse aggregate. 

‘ nXPmiMEOTAIi WORK OH ' GRAVEL ' AND SAHU. 

EMfg"'Biver. gravel, so much 'used in Manila, has 'often proved to be 
of Mfetior JIm^,'of it is 'so ^ weathered and decomposed that 

it undar the force of a very light' Mow. Ife low efficiency is 'shown 
m iJie fallowing reeulfe M>tained on 6 in.ch 'Cubes'' constructed' according 
to in Bulletin Fo. of the United States Geo- 

1c^«l 
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Compression sircngfh of concrete obtained with Fnsig sand and firntei. 

SAXB NOT SCREENED. 


" Proportion by 
volume. 


Relative volume, in r-ubic 
inebes. 


Total .strength 
oi6-iiich cubes, 
in poiiTifIs. 


streogtli, In 
pontifi^. per 
square inch. 


Age. in 
days. 


nmrit Gravel. Water. 


; .strength 


At first 
crack. 


' CIti- ! In ^ In 
mate moist open 
strength air. ■ air. 


1 

•i : 4 

r>i 

103 ^ 

210 

oO.O 

44,280 ! 

53,200 : 

1,230 

1. 48(1 

7 22 

1 

'1 ; 5 

43 

.'<0 

216 

41.3 1 

4O,7T0 


1,300 

1,457 . 

7 ' 22 

1 

2 : fi 

30 : 

72 : 

210 

32.9 : 

44,490 , 

53,440 . 

1,236 

1,484 

7 22 

1 : 

2 ; 

36 1 

72 

210 

35.3 

32,000 ; 

42,870 ! 

889 

1,191 

7 . 22 

1 ; 

2 : 

36 

72 

216 

40.2 

34,740 

.39,000 ; 

965 ' 

1,083 ; 

7 I 'i. 


SAND SCREENED THROUGH lO-MESH SIEVE, 


3 :2:4 ' 

54 1 

108 i 

216 : 54.3 ; 34,500 : 

39,200 ! 

960 1 

1,090 ' 

7 ! 22 ^ 

1:2:5 ' 

43 

86 ; 

216 ; 52.4 : 22,210 

33,230 ; 

617 ' 

923 ; 

7 i a ; 

1:2:6 ‘ 

36 ; 

72 : 

216 ' 22,080 ; 

26.600 ; 

613 

739 1 

7 1 .2 ! 


I 


^ The effect of gauging with an excess of water is shown^ in these two results. Care 
should be exercised not to overdo the “puddling” method. 


When tlaese cubes were cruslied, about 40 per cent of ^avel broke; 1:2 :4» 
1:2:5, and 1:2:6 mixtures gave almost tbe same crusMng strengtli, indicating that 
the ultimate strength was due to the mortar which was much stronger than the 
gravel. The contract specified a 1:2:4 mixture. The voids in the gravel were 
only 37 per cent, and a 1:2:5 mixture gave a better concrete both in theory and 
in practice. 

The sand contained 20.6 per cent of fine gravel remaining on the 10-mesh 
sieve, 40 per cent of which was fine gravel retained by the 4-mesh. Accordingly 
a 1:2 mixture produced a stronger mortar , than it would if the sand had contained 
no gravel. As this mortar was sufficient to fill the voids in the gravel, which 
were lowered by the fine gravel from the sand, a stronger concrete resulted. 

It wiU be difficult to find a substitute for Pasig grarel because of 
its cheapness. However, gravel has been dredged fj'om the Mariquina 
Eiver which enters the Pasig at a point about 10 miles from its m'outh 
and about 8 miles above Manila, which has proved far superior to the 
usual Pasig aggregate since concrete made with it withstood a pressure 
of over SjOOO pounds per square inch and yet showed few broken stones. 

The cradled stone at present used by the city for. macadamizing 
streets is not satisfactory for concrete' construction, because of its frac- 
ture and texture and the considerable amount of quarry dirt which it 
contains. However, it seems very possible that crushed stone frcan the 
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qiiarrT at Sisiiiiaii, near Mariveles across Manila Bav, or troin the old 
Spanish quarries near Angono on Bay Lake., and more especially the 
materials located, by George I. Adams, of the diyision of mines, Bureau 
of Science, Just north of Angono (which is the best rock for road material 
thus far found near Manila) may be found so efficient as to prove the 
most economical material in the end. The stone from Sisiman with- 
stands a pressure of lAlo tons per square foot. By using leaner mix- 
tures of properly crushed and graded stone or less massive concrete, it 
may be able to compete in cost with reliable concrete made with Pasig 
gravel. Then, too, important work often demands the best concrete 
obtainable, regardless of expense. 

Sisiman rock unfortunately has a xery undesirable, splintery or spally 
fracture which reduces its concrete efficiency. However, if uniformly 
graded it produces a good aggregate for concrete as the following test 
will show: 

Sisiman rock concrete.^ 


Iiimeiisionsj, in 
indies. 


j X 6 X 6-. 


'Ihropor- 
tions, hr 
; volume. 

i 

i j 

I . ; Total strength J 

i in pounds. ' 

' Strength, in i 
pounds, per ‘ 
square inch. 

! in 

moist 
: air. 

In 1 ' First j mti- | 

air, ; emck. i mate. ^ 

1 ' j ; 

First 

crack. 

Ulti- i 
mate. ; 

1 

'1 



^ JDays. 

naj/i. j 1 

i 

i 

1 : 2:4 

1 

1 7 

i ! 

21 1 47,745 1 75,770 

!' 1,32« 

i 

i t2,iori 

1 i 


Mark on cubes. 


» Beach sand was used. The stone was all broken to pass 1.5 inch circular openings 
and the fine material passing | inch mesh sieve was removed. 


ComparatiTe tests between. 1:2:5 mixtures of good Mariquina grayel 
and of broken basaltic rock, used with the same cement and sand, showed 
that ite rock, despite its larger percentage of voids, gave the more efficient 

.aggr^fe. ' ’■■■ ' . _ 

Mdriquif^ ‘gravel versus hmaltic rock concrete. 


Cttkffify In 

" 1 1 i n 

'Frbpoff-' 

' ; 

, Age. 

Tot$.l strength, 
In pounds. 

Strength, in 
pounds, per 
square inch. 

! 

,Mark on cubes. > j 

In 

moirt 

aiir. 

m 

tir. 


mu- 

wtte. 

' 

’ 

crack- 

ma- ■ 

mate. 


L' •' •. '4 ! ‘ 

.'.y 

■ / 

\ 

If 



liailiquina 
^ Baltic stone. 

d' Jx''. 
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Many gravels iise'l for concrete structures in other pans of the Phil- 
ippine Islands have proved theniscdves to be worse than the pooi'est 
material from the Pasig Eiver. From time to time concrete cubes taken 
from the mixtures used for construction work have Ijeen submitted to 
this laboratory for valuation. In many cases the concrete proved to 
be of poor quality and almost without exception it was evident that lije 
weakness of the cubes was due to other causes than that of the quantity 
or quality of the cement, which, it must he understood, had previously 
been tested and accepted. 

In many cases the gravel was so poor as to crack and eramble under 
light loads. For instance, two cubes of the concrete used for Bridge 
Xo. 14, P. & A. Road, Fayaba-s, were well proportioned and molded 
concrete. ‘“A” concrete was richer and harder than “B,’'* and yet both 
cubes possessed the same poor strength. As about 50 per cent of the 
gravel cracked and crumbled under the light load recorded, it is evident 
that the strength of the. concrete was limited by the inferior quality of 
the gravel. 

The results obtained were the following: 

Concrete ciihes from Bridge Xo. I’l, P. d .1. Road, Taijahas. 


DimeiiKhms, in inches. 

Propor- 
tions, by 
volume. 

Age. 

.... .. . Mark on cubes. 

First 1 llti- First i Tlti- ; 
crack, i mate. ! crack, mate. j 

- }i 

1:2:4 

Bays. 
28 
28 j 

i 1 . • . 1 

! i , ; 

.^305 1 9,900 j 381 j 619 Class | 
7,015 j 9,800; 488! 612 ! Class “B”. | 


.] 


The results obtained with cubes taken from the concrete used for 
C'arcar Bridge, Province of Cebu, project R-16, are especially instructive. 
The rich class “A” concrete was stored in water two weeks and then 
exposed in the open air for the remainder of the sixty days. Con- 
sequently the cement had ample opportunity to harden. The mortar 
in each case was rich and durable and in each the strength obtained 
varied directly as the quality of the gravel used. 
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same crii^ed. with weaker mortar (Class con- 

<mi. gme resalta as remr^ed Mow. , The extremely low 'strength 
at the illmsiratte the greatest "danger jn the ^nse of , poor 

frt¥©l „ , : , ’ :'■■■' ■ 'v'V': 
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Concrete cubes from Carcar Bridge, Cehu. 


Mark on rubes. | 

Age, i Bimen- 
in j sions, in 

Initial 

crack. 

Ultimate. 

.strength. 

.Strengthen 
ponnd.s. per .square 
inch. 

Remarks. 


days. ! inches. ' 

cSS. intimate.; 

Class “B” eon- 






Crete, Spand- 


10,000 

4o, 600 

294 

1,211 1 Gi)od mixture, iftir 

rel Wail, Car-; 





' mortaT. The lar- 

car Bridge, ■ 





ger stones were 

project R-lf).; 

So err 6 t; ; 




mostly broken. 
Grayel poor. 



•>8, 650 

54, <i30 

79t> 

1,517 ' Do. 



fa) 

35, 300 


9H0 ; First crack at about 

1 





' 8,000. 

Bo ; 

37 fi 0 6 

21,300 

28, 580 

592 

794 : The large stones 






were broken. 
Sand seems to be 
the chief fault, as 
it contains shells 
and dirt. 

Bo — 

47 , 0 fi , <> ■ 

0,250 

32,800 

257 ‘ 

911 ' Voids in sand not 





. 

J filled up. The 

J mortar wm.s weak . 

Bo : 

37 ; f* V 6 )< 6 ' 

17,300 

2S,0J)0 

480 

778 { Large percentage 






i of the .stones was 

broken, fair mor- 
tar. 



' Pj 

;«,ooo 


, First crack at about 

1 





6,000 i> o u n <1 s . 

liA 

47 : ti ' ; 6 ^ 6 




1 Cube received 





with 2 corners 
i broken off. 

, i 



16,000 

34,000 

■ 444 ' 

944 , The mortar as well 






as the gravel was 
: poor. 


j 

r 17,300 

36,800 

I 480 

1,022 ‘ The majority of the 

B.O 

4& 1 5 >' ft ft ; 

1 



stones were 

broken. 


1 




i i 

1 P) 

36,400 


1 , on First crack at about 


■ ' ! 

1 ■ ' : '■ j 




6,fKX) pounds. 
Cube received 
! with 2 corners 


i ■ i 

' ' ' i 




: bn>kenoff. 


®’I.ess than 8,©00. **L»ess than S.OOO. ' 


AH'mbes were $«biaerged, twD weeks m water. 
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Plate I is a photograph of the second to the last cube recorded in the 
above table. Eacli hitow points to the center of the exposed surfaces of 
eriished or cracked stones. As can be observed, the mortar ]}etween these 
stones is ’almost perfectly sound. 

A more specific description of the stones designated by the arrows is 

as follows : 


Arrow Xo, 


'Dimensions; 
i of exposed ‘ 
; snrfaee, in S 
^ inches. , 


Remarks. 


1 i l.5>' 0.6 ; Large piece of wood charred on the outside. 

2__ ,.i '■ 1.5 i Large round stone of soft, yellow substance which' is about 

; as durable as dry clay. Stone was completely crushed. 

S L25> 0,6 ; Do. 

i 4 ' 1,0.: 0.75^ Do, 

; 7 ; 1.5 V 1.0 i Do. 

I 8 ; 3. OX 1.0 ; Do. 

; 0 ! 1.2 ' 0,5 I Harder than above. One end cracked off as illustrated. 

, 1 1 - — I 2 1. 25 Large stone, cracked in two places. 

I 13 ... 1.3 >; 0.6 i I.iarge stone, split through the center. 

I 17 1.25::*;i ; Bo. 

I 5, 6, 10, 12. 14, 15, 16, IS, 1 - . ; Small cracked and crushed stones. 


The floor concrete from the Naga Eiver Bridge also contained poor 
gravel, and again showed poor strength despite good mortar and proper 
pTO'portioning. 


Concrete mhce from Naga River Bridge^ Province of CehtiA 


Dimensioro, In inehes. 

Propor- 
tions, by 

! Age. 

j ' ' 

Total Strength, 
in pounds. 

Total strength, 
in pounds, per 
square inch. 

Hark on cubes!. 1 


volume. 

First 

crack. 

Ulti- 

mate. 

■ 

First 

crack. 

Ulti- 

mate. 


i 

i 

'' ' ' ' ' ' ' 








1 



m 

12,255 

21,285 

340 

591 

P~l, 

Floor. 



m 

11^750 

20,820 

326 

578 

F-2. 

Floor. 

»'«'6V6_ ' 


m 


28,000 

558 

778 

P-3. 

Floor. 


m 

14,055 

25,940 

390 

1 '720 

' P-4. 

Floor. 



"n. 

16,585 

■18,525 

463, 

'515 

P-5. 

Floor. 



' n 

; 8,4®}' ' 

11,260 


■ 213 

P-§. 

L/, , ■ 

Floor. 


*nm ptetwws tl» latwrtar iwS, bafc m& .gravel M fine and, of Voor Quality, 
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Concrete cubes from yaga Itiver Bridge, Province of Cehu.^ 


Ininensioiis, in inches. 

i Propor- 
1 tions, by 
! volume. 

Age. 

i 

Total strength, 
in pounds. 

Strength, in 
pounds, per 
square inch. 

Mark on euoes. 

First 

crack. 

Ulti- ' 
mate. , 

First ' 
crack. 

riti- 

mate. 



Days. 







1 


(9,570 

18, 505 

272 ’ 

527 

Class A. 

5. 95‘ n. 95 5. 95 


28 

; 14,740 : 

i 925 1 

135 1 

271 

: Class B. 


a The appearance of these cubes showed that the mixture employed was an improper 
one, as there was not enough mortar present to fill the voids properly., The mortar was 
also weak and easily broken with the fingers, and had an unnatural, brown color. It is 
possible that impurities such as clay prevented the hardening of the cement. 


Concrete cubes tested as per ‘'‘Eeqnest Xo. 68328'^ gave erratic results 
^yllicb were attributed to excess of sand and to the poor grading of the 
gravel. Tery little of the gravel was found to be cracked in any of 
the crushed culDes^ hut its granulaiTnetrie composition was extraordinarily 
poor. With the exception of several stones 2.5 to 3 indies in diameter^ 
the gravel was of a uniform size. Pine gravel to reduce the voids was 
lacking. 

The results obtained were the following: 

Compression tests of concrete cubes per Request No. 68S2S. 


Dimensions, in inches. 

Class. 

Age. 

. 

Total strength, ! 
In pounds, per | 
square inch. ‘ 

Total strength, 
in pounds, per 
square meh. 

Mark on cubes. 


First 

crack. 

1 

Diti- 1 
mate, i 

i 

.First 

crack. 

Ulti- 

mate. 


, 5-1X61X6 1 

“A” concrete ■ 

Days. 
37 i 

42,970 

i 

i 

54,295 

1.194 

L5(» 

“A” fioor. ! 

6 v<r Ol X 6 - ; 

do ’ 

37 ^ 

35,000 

54,450 

.52,570 i 
60,060 

972 

1,460 

I>0. ^ i 

R y fi V K 1 

....do ' 

37 

1, 512 

1,670 

Be. ! 

6 X H 6-—-- '' 

j do 

46 

26,250 

36,210 

730 

1,006 

*'A** pier. 1 

concrete 

■ 44 ; 

14,500 

37, .500' 1 

408 

1 1,042 

“B” pier. ■ ' ' 

59 V ai V 'fi 1 

_do*— 

' 44 ! 

27,420 

8,470 

34,310 ' 

762 

1 958 

Be. 

5^ X 6 X'6 

1 concrete 


34,220 ' 

235 

} 945' 

••C*’ No. 2 pier. 


' When a good aggregate and a proper mixture had ‘been employed, the 
concrete gave much better results. A 'few/samples are here , recorded 
for comparaiive purposes. ' 
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Concrete ctihes from Bayaoas River Bridget 




Total strength, 

Strength, in 




i in pounds, per 

pounds per 




: square inch. 

square inch. 


DimMrisi.iTife, in incises, . 

Class. Age. I 


Mark on cubes. 



i First ' Ulti- 

First Ulti- 




! : crack. ' mate. 

crack, i mate. 




, DiVfB. ' 



6 1 r> 

9 

“A” concrete' 29 ; 23,980 : 62,980 , 

655 I 1,720 

A3. 

fj. 1 ft. 1 

5.9 

do 29 ‘i 19, 180 ■ 66, 090 ' 

516 ' 3,775 

A 2. 

f».l >. G.l 

5, 9 

do 29 ' 29,850 68,575 

802 1,840 ' 

1 A 3. 

f».l >' 5.9 .. 

6 

“B'’ concrete ' 26 ■ 41,990 ' 63,495 

1,164 1,762 

B 1. 

fi.O ■*, 6.1 

5. 9 

do 26 i 31,790 63,770 ; 

866 i 1,743 

B2. 

6, 0 :■ 6. 1 X 

5, 9 

1 do 29 ' 29,550 60,265 

807 1 3,666 

B3. 


® Gravel -was very good, and very few broken stones were found in the crushed concrete. 


Compression tests. 


i ' ' ' . 

■ Mark on cubes. 1 "d^vs? 

i ^ 

Dimen- 
sions, in 
inches. 

Initial 

i 

i Strength, in 
! pounds, per 
square inch. 

Ultimate j 

Propor- 
tion. ■ 

■ 

, First 
■ crack. 

! 

Ulti- 

mate. 

; CBuss “A” concrete from con- j 


r42,900 

51,000 1 1,192 

1,417 

1:2: 4 

1 Crete used in E. C. piles. Pan- . ^ 

, tal Bridge, LL-3, Pangasinan, j 

6y-6 A 6 || 

139,000 

50, 100 1 1, OSS 

1,392 

1:2:4 

60,000 

62,000 ; 1,666 

1,722 

1:2:4 

I <xnolK^^ 36, 1909. | 

1. 

144,000 1 

52,930 1,222 

1,470 ! 

1:2:4 

Average— — ' 

! 

1 f 

46,425 1 

54, 000 I 1,291 i 

■ 1,500 



The alK>Y€ cubes were "well proportioned, the mortar as ■well as the concrete 
contained few -voids. Very few broken stones were found. The aggregate is 
composed of a standard cement, Santa Barbara sand, and Sual Well gravel. The 
ciibes were kept constantly moist under wet cloth. 


PMe II is a pbotograpli of the third concrete cube recorded in the above 
table. About ^70, stones were exposed on the surface of the crushed cube. 
Of these^ only two small pebbles were cracked. The strength of the 
stone' was ^eater than that of the mortar. The photograph shows cracks 
IB the mortar in, many pla-ces. ,, , 


' Such ".analytical ' results and ' conclusions lead to the assumption that 
by synthetic reasoning' we .could foretell the ' value ' and, strength of a 
a.^€»©ftil.''.study .of 'the aggregate from which itis to be made. 
For wstoce^ we would iiot_ expect that soft, coral rock concrete would 
go# strength a proper mixture and a rich strong mortar, 

tfi woidd nsstipi^ the soft stone would limit the strength of the,, 
lb m vwry tew We would also assume that if harder' 

m^rial tho resulting concrete 
w ^ lierd coral i ^ ^ : 4 concrete ; 
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V</iitpremtm test,^ of con d rock concrctr. 


Crushed stone. 


Proper-' 
tions i 
by vol- ; 
ume. i 


Average total 
strengths, in 
pounf1«. per 
suiiare inch. 


moist ' In air. ^ Uitimate. 


j ' Datjii. i Dcy.'i. ; 

! Soft coral rock 1:2:4; 7 22 7S1 i S-Vi 

j Hard coral rock 1:2:4 . 7 ' 0 7S2 \ 1,005 

Hard coral rock 1:2:4', 7 '■ 22 1.029, 1.044 


In every instance the majority of the stones in the concrete were 
broken or crushed. However, the harder coral rock concrete was stronger 
at 7 days than the other at 29 days. 

Three sands and four stones were available for a certain concrete 
structure. They were all sent to this laboratorA^ for inspection and test- 
ing. The report is interesting inasmuch as it illustrates the great 
variability in the eificieney of different available materials and the ac- 
curacy and value of preliminary inspection. 

Briefly summarized the report was as follows: 


Sand tests {preliminary report). 


Voids. 


Description. 


Order 

of 

merit. 


Pi'r et, ! ! 

Beach ! 2.60; 47,8 A'cry fine in grain: 10 per cent “dead sand:” poor granular- | 8 ! 

I metric composition. i 

No. 1 — 2,62: 45 . 0 , Clean, calcareous, and of good graniilarmtdric composition— 2 j 

No. 2 2. 74 I 41.7 ' Similar to sand No. 1, but better in ail respects 1 


Mortar tests ( final report ) , 



. , ' ; Reiative ct)m- i 

Tensile strength, in pounds, per square inch. . prmion strength i 

: of morter cjjMn- 1 
' , ders O dars In 

Sand. 

1:2 by Tolume. 

, , 

1:8 by volume. 

’ ■ moist air, 21 
l;3by weight ' days outside). 


7 days. 

28 days. 

i 

7 days. j2B days. 

, • ' iriby 

7 days 28days., voi- 
* ' i ume. 

l:Sby 

volume. 




$98 

188 !' 260 

162 j; m ' 1,788 

1.550 

- 

'' 'SW 

\ m 

170 m' 

1» 194 j 2,790 

1,597 

'Kfrt..O „ ■ i 



m ' ' ,240 

18S . 242 1 2,910 

1,715 

Ststndard' ^ 




, \ » 1 m 1 




ZT.ZZ 

[ ■ ‘ ''"i ■, 




Band mmdmt 
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Rt^iioh gravel 2.56 4o..H l:l,73:;4.6 , Some stones are durable and bard, 

• : but the majority are so weathered 

I ; as to disintegrate under slight pres- 

sure. The efticieney of the gravel 
; for concrete i.s poor. 

Xo.t; gravel 2.47' 46.3 1:2 :G Fine coral and shell gravel, not 

coarse enough for gravel and trvo 
, . coarse for sand. It is unsuitable 

; for concrete. 

No. 4 gravel *2.68 ; 37.1 . 1 : 2:3 Durable, hard Ijeaeh gravel with 

: ; ; rounded and pitted surfaces. Good 

I ' i concrete material if properly 

graded. 

N'o.5stooe (crushed Sisiman'j *2.62 1 »44.7 1:2:4 Hard and tough stone, which despite 

■ j its undesirable spally fracture is a 

: good eoncrete aggregate. 

® Graded. 


Conorete tests {final report). 


CONOBBTJE CUBES. 



i 

Dimen- ; 

Proper- 

Age. 

Total strength, 
in pounds, per 
square inch. 

Total strength, 
in pounds, per 
square incli. 



inches. * 

1 

tions, bj 
volume. 

’ 

■In 

moist 

air. 

In 

air. 

First 

crack. 

Ulti- 

mate- 

First 

crack. 

Ulti- 

mate. 

Mark on cubes. 

l ; 

i 

6a6x' 6. 1 

i 

1 

3:2:4 ' 

' ' 1 

Dap. 

7 

Bays, 

21, 

*20,800 

41,480 

580 

' 

1, 151 

(Beach sand. 

(Beach gravel. 

» 1 

6X6X6-* 

1:3:6 

. 7 1 

21 

8,000 

28,330 

‘222 

800 

Do. 

3i 

6X6X®-1'*1: 3.^:3 

7,1 

35 

23,840 

! 56,390 I 

662' 

1,560 j 

Do, 

; 1 i 

i 

6X6'X"fi-! 

_ 

i»I;2:'4 

7 I 

: ' ! 

' 35 

19, 560 

4,500 

543 

1,250 j 

Do. 


* Itifial mixtilre. Soft stone removed. 


Ko. 4 sktw m majority of tiie stone broken. Mortar good. 


I a ! 




835 I 4a, 845 

! 

' ,20,130. 1 S5,5©0' 
tt 15,235 3^495 

0^^ nm h 

„ 'f ' 


ft SSliSl , 


(No. 4 gmveU 

96S 1,357 \^^<J^2satld. 

(No, 5 stone. 

560 1,540 

423' 'h' '908 Do.. ' 

(No, 5 stone. 

*'■!« W 2 sand. 

886 „ .Bo. , 

' '1^, agimvel. 



CONCRETE COXSTrXGTION- IN THE PHILirPINE ISLANDS. ] So 


ISTo. 1. very few stones broken. JSTo. 2^ a considerable nuiiiuer of broken stones. 
Xo. 3. soft mortar and broken stones. Xo. 4. some stones brokeiij mortar fair. 
Xo. 5. very soft mortar. Xo, 6, very soft concrete, Xo. 2 sand gives tlie liighest 
efficiency, as is sliown by Xo. 5 gravel cubes. 


At another time laboratory and field tests did not agree. 1 :2 A 
mixtures when tested after seven days in moist air and twenty-one days 
in air withstood ’an average pressure of 1,491 pounds per square inch. 
Over 50 per cent of the gravel was cracked. That which cracked was, 
andesite containing glassy feldspars in a soft matrix. The 1 :2 :4, 5, and 
6 mixtures again gave practically the same strength. Later, we received 
from the contractors concrete cubes which gave higher results. In these 
cubes all the andesite gravel with glassy feldspars present, cracked, but 
whereas the original gravel sent to us contained about T5 per cent of this 
friable andesite, that in the contractors’ cubes contained only about 33 
per cent of this material and some large stones over 24 inches in di- 
ameter. The cubes had been submerged in water for six days and then 
exposed to the air, thus prodtieing a very strong nioitar. The cone 
showed that the surrounding mortar was sound in many places where 
the stone had cmshed. 

The facts above mentioned show the necessity of proper representative 
sampling and a uniform method for the treatment of concrete samples 
after they have been gauged. The same concrete preserved under 
clifterent conditions will give variable results. Cubes are sometimes 
received which have apparently not been wetted since gauging and con- 
sequently show poor strength when tested, even though the stod, gravel 
and cement are good and have l^een mixed properly. A previous inspec- 
^tion of material often enables the engineer to improve the quality by 
simple methods. A few examples will serve to illustrate this. 

Sometimes is its advisable tborougbly to wash the material. At other times 
this expense is not necessary. Tims Xovaliclies sand gave much higher tests 
washed than unwashed, while that used for the Bocane Bridge contained less than 
3 per cent of dirt and fine material and its removal was not advantageous. 


’Nomliches Bund' (dirt md fine material oM per cent 6 |/ weight). 


Saint. 


Nova! Icbcs {washed ) j 

I 'If ovaliehes’ (irnwwshed) ■ 


Strength 1:2 mortar,' 7 days. 


Tensile, 


288 

■m 

m 


! Per _eent ; 
efficiency i 
^ Sfn ; tensile ' 

' ^ ' strength, j 


" ' :7,2.7 ' 



lU 
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Sand for Bocaue Bridye idirt and fine material 2,8 per cent hif tveighf.) 

Tensile strength, 7 tlays. | 
Percent i 

.,oriar. : n,ortar. 


Boeaue Bridge uvashed) ^ ‘iSo , 170 OS. 5 

Bocaiie Bridge (unwashed *177, 172 09. S 

Standard qnanz ' ' 248 L— — 


Sometimes the granularinetric composition of the sand can be much improved 
by screenings from the gravel, and vice versa. Thus, samples of the only available 
sand and gravel for the Trade School building at Malolos, sent to the laboratory, 
proved of good quality in every respect but that of its granularmetric composition. 
The sand was very fine, 51.5 per cent passed through the 40- and remained on 
the 50-mesh sieve. The gravel was clean and hard, but contained 40.7 per cent 
of sand passing the 4-mesh sieve. 

It frequently happens that aggregates do not permit recomposition, but in this 
ease it was easily accomplished. 

The gravel ivas screened on a 4 -mesh sieve and the coarse sand thus obtained 
was mixed with the fine in the proportion of 3 to 1, The percentage of voids in 
the sand thus produced ivas reduced from 40.4 to 36.2 per cent. 

Comparative compression tests showed a gain in eflSciency of almost 60 per 
cent, and a dense, impermeable concrete was obtained even with a 1:3:6 mixture. 
It was found practicable to follow this method in practice and the materials were 
So used. 

Relative compression strength of Malolos concrete using sand, and a mixture of 
this sand and sand screened from the gravel. 

Mixture, Relative compression 

strength. 

i cement, 3 sand, 6 gravel 622 

1 cement, 3 sand mixture, 6 gravel (1 
sand, 3 sand screened from the 

992 

1 cement, 2 sand, 4 gravel - 1^230 

_ The examples giv^ though incomplete and stated briefly, are con- 
sidered snIScient to show the variable nature of available sands and 
gravels in the Philippines and to indicate the value of reliable and 
exact Imowle^e^coneeirning their ehafacteristics. However, such tests ' 
aire, not to te relied ■npcto implicitly, because they were not made under 
mid the time was t^ which to complete 

fliem. n>e matexiai should be tested before the building specifications 
are drawn up, and not adter the materials are delivered. In some eases 
imia hare hew pat a« unta the. time fop construction had neariy arriTedr 
^ iji* «dy a fear pounds of the sai^ and gravel were sent to the 
lafeani#^ i» a ^ or^derea teati,'whiclt ms neoessarily of question-, 
wlBe. If tl^ 1*1^, at ,ii fe worth doing well. 



CO>XT.ETE COXSTRECXIOX IX THE PHILIPPIXE ISLANDS. 135 
■ COXCRETE SPECIEICATIOXS. 

Tlie following quotations will serve to demonstrate tlie weight laiu 
upon concrete specifications in other parts of the world. 

‘Hn framing concrete specifications, the proportions of the constituents sjioiiiti 
be stated so distinctly that there can be no misunderstanding between the engineer 
and the contractor as to the quantities which will he required for the work.” ^ 

‘•’Engineers have placed the volume of a barrel of packed cement all the war 
from 3.1 to 3.S cubic feet, corresponding to a variation in the weight of, from 
123 to 100 pounds per cubic foot. Loose cement measurements, on the other 
hand, are variously fixed at from 3.8 to 4.5 cubic feet, to the barrel, or 100 to 
841 pounds per cubic foot. The extreme actual variation is therefore from 3.1 
to 4.5 cubic feet per barrel, or 123 to 844 pounds per cubic foot. The quality 
of cement should invariably be regulated by its weight”,® as has been done in 
France and England. 

At this iaboratoiT we have adopted the Americaii Society standard of 
100 pounds of cement being assumed as equal to 1 cubic foot. Sand 
mid gravel are niea.sured dry. 

‘‘Without a universal standard there is no means of comparing the concrete 
in different structures or the results of different experiments, and an unscrupulous 
contractor may adopt for his unit the volume of cement very loosely measured, 
and thus produce too lean a concrete.”® 

He may also fail to reject ^^eake^-^ cement^ unless such action is 
specifically designated in the concrete specifications. 

Although the nature of the sand and gravel or stone is as important a 
consideration as that of the cement itself, many local building specifica- 
tions simply state that the sand shall be sharp and clean and that the 
gravel shall all pass a certain sized sieve. There are sometimes no 
definite statements as to the kind of materials, their chemical composi- 
tion, the percentage of voids, the percentage of dirt, gradation of the size 
of the particles, and the strength they should give when mixed with the 
cement to be used, 

lu one instance, which has come to my notice, the contract called for a 1:2:4 
mixture. The gravel and sand for the work were piled in two large heaps and 
samples sent to the laboratory for inspection. As already recorded, it was found 
not advisable to use the 1:2 ;4 mixture specified. The gravel being well graded 
and the percentage of voids correspondingly small, an excess of mortar resulted, and 
this, working to the top during the “puddling,” produced a layer of pure mortar 
and a non-homogenous concrete. A 1:2:5 mixture was then substituted and gave 
better results*' , , _ • " 

'"'Though;, they ' seldom do .so,, concrete specifications should insist upon 
s:aii,d-freq Saud, tends to ' reduce the percentage of voids in the' 
gruyel," ; ' "Ordinarily a low. percentage of voids; is ' desirable^ , but when h 

^Taylor and' litopsOE, page 217. 

^ XjOp/St-J; //I ' v';,'') 
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mixture is alread}' specified and the ratio of mortar to gravel already 
eiTicieiit, a further reduction of the voids in the gravel by means of sand 
can only result in lowering the qnaiity of the concrete. 

For example, in one instance a 1:2:5 concrete was specified, but the gravel 
being used contained 22.1 per cent sand (fine material passing 0.51 centimeter 
rectangular openings). Tliereforej the actual mixture employed was far inferior 
to that intended by the specifications. This is shown by the following figures: 

Relative . Actual pro- ' - j 

I volumea portions, bi'i Cement- Mortar- ‘ V<»lnnie j 

and. Vaidp. 'i'ossirtd .volume, otnr sand .s^ravel 'of excess. 

-;■ 1 1:2:5 mix-! ratio, ratio. , raortar. 

gravel tiire. , i . 

Pd' Cfnt. Pf^r rent. ' 

; As received 22.1 ' 2t^.l ' 1.25 ! 1:3.1:4.8 1 1:3.1, 2.86:4.8 1.41 | 

J 8crcfi*ned on 4-mesh sieve., 0 33.9 1.215 l;2 : .5 ' 1:2 2.1G;5 ^ 0.44 j 

The ratio of cement to sand was decreased and the mortar strength was 
weakened accordingly. The volume of mortar became so excessive that it 
separated the gravel or flushed to the surface. The volume of concrete per unit of 
cemeiit was increased and therefore the .strength of the concrete was decreased. 

Unfortuiiatel^y it is impossible to specify a fixed mixture under the 
assumption that the fine material is uniformly distributed in such a way 
a.s to make adequate allowance for the sand present in gravel or - broken 
stone, since subsequent rehandling and weathering tend to concentrate 
the fine material from the coarse. 

Carefully selected, representative samples taken at different times from one 
large grave! pile showed variations in sand contents of 4.3, 8.0, 13.0, 20, and 
24.8 per cent. The gi'avel taken from the bottom of this pile contained the 
most sand, ana concrete taken from the mixer when it was being used had less 
strength at the end of eighty days than a like mixture of the same cement, sand 
and gravel (except that the sand was removed from the gravel) at only twenty- 
nine days, m the following results, will show: 

Pmig sand and gravel concrete. 
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111 like manner, tlie sand as delivered was not of naiicrin eiiaTucter. tl-e ner- 
centages of gi’avel in it varied from 5.5 per cent to 3S.5 per cent. 

Samples of Ivlariqniiia River sand and gravel were used for another structure 
where the specifications called for a 1:3:6 mixture. The sand was screened 
tliroiigli a sieve with centimeter rectangular openings, and the ^gravel washed 
with water tliroivn over the pile before it went into the mixture. Trie effect of 
the water was to remove the dirt and make the sand adhere more persistently to 
the gravel. Analysis of the washed gravel gave the following: 


Held on 3. 81 -centime ter openings 

Per i'cnt. 
1 

Held on 2.54-centimeter openings 

2.2 

Held on 1. 70-centimeter openings 

iO.3 

Held on 1. 1 4-centimeter openings 

27.S 

Held on 0.76-centimeter openings 

40.1 

Held on 0.51 -centimeter openings 

63.1 

Held on 0-38-centimeter openings 

77-3 

Held on 0.25-centimeter openings 

S7.0 

Through 0.25 -centimeter openings 

91.2 

Percentage of voids 

31.5 


This gravel contained 30.4 per cent sand; therefore the 1:3 mortar relied upon 
by the designers to bind the gravel was weakened to a 1 : 5.1S in actual con- 
struction. 

For similar reasons 1; 2: 4 concrete made from crusher run Sisiman stone 
showed greater strength when the dust and fine mateial had been removed from 
the stone. The concrete cubes recorded below w’ere made at the Bureau of Xaviga- 
tion, division of port works, and tested here. 

Compression tests of Bisiman stone concrete. 


Strength, In 
potmas, per 
square inch. 

Age. ! I Remarks. 

, First ; Ulti- ; 
crack. * mate. | 


^ : ; 

24 ' 1,1)00 • ; Made with Orani sand, a standard cement, and crusher rim stone. 

24 ’ 1,309 ' 1,744 I Same as above with all material passing one-half inch sereen re- 
I ; I moved from stone, 

j 3 I 10 I 427 ' ' 601 I Made with Pasig sand, a standard cement, and crusher run stone. 

4 ; 10 I 383 771 I Same m above with all material jMssing one-half inch screen i«- 

I 1 I ! moved, 

i 1 ; i ^ 


Because of these results it was assumed that the fine material in this stone 
was deMmental to its value* However, this’ was not' proved. If ' we measure 
and OTisider the fine material ' passing the one-fouxth meh screen as sand and 
make allowance for it as such in the mortar' mixture,, different results may^ be 
oMained. A T : 1.5 : 4 /mixture may ^8hQw^ .belter results than the best ,1:2:4, 
mixture recorded and, 'give 'as great a wolnme of concrete as with the ,,fiEe materia! 
screened out., ' ' 
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Tie logical conclusions of the results recorded in this discussion would 
seem to be a niodificatioii of concrete specifications in one of two direc- 
tions^ either they should state that the concrete must show a certain 
strength in a given time^ or they should state the granularmetric com- 
position of the screened sand and gravel to be used. 

The first method does not insure either the future of the concrete^ its 
surface appearance^ or its economical use. Its enforcement would im- 
mediately result in higher bidding. The testing would also be expensive 
and might cause much delay. Failure to meet the required tests would 
result in long discussions and eventually prove ruinous to all interests 
involved. 

The second method would insure safe building and future durability. 
The work could be rushed as rapidly as possible, the sieving and screein- 
ing being done to meet the requirements. It would thus be possible to 
calculate the mixture more closely and actually to reduce the cost of 
construction. 

Sand and gravel should always be screened dry. With durable rotary 
screens the cost should be very low. One screening of the sand and one 
of the gravel would probably be -sufficient for most work. This would 
insure fixed ratios in the morter and concrete and it would then be 
necessary to allow only for variations in the percentage of voids. 

Eecentljj also, another source of danger to concrete construction became 
manifest when the following cubes were tested ; 


Concrete cubes from Abatan Eiver, OorUs, Bohol. 


' Biijtteasloite, in 
iuctiw. 

PitifKjr- 

ticms. 

Age. ; 

Total strength, 
in pounUs. 

Strength, in 
pounds, per 
square inch. 

■ 

IMark on cubes. 

la' 

water* 

In j 
air. I 

First r 
crack. : 

Ulti- 

mate. 

First 

crack. 

Ulti- 

mate. 




Ikiy^, 1 

' ! 








■ 

' 

■ 12,^ j 

25, m 

. E49 

704 

Cl -A. Floor. 




11 

■ ' 12 

P0,955 ‘ 

20,395 

~ 304 

566'' 

Do. 

/ , , , Vy' , ; , 1 



I' . 1 

' 10, 1 

26,420 

301 ! 

' 734 

Do. 




; 1 

Average — 

sis'j 

m i 

, Do. 


, &© cnish^ concrete revealed the fact that the stones ' 

green a3g»i, the effect of which is; illustrated hy, Plate 
AJJ, which 1 $ a photograyh "ftf the cone testiliihg 'froiri.''onie' of these 
crnahed cnta. ^ 

^ ' shows i exposed sockets with their 

ilda seen how effectually the 

betwtei th^ mortar and 
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The stones were submitted to Mr. E. D. Merrill^ botanist of the Bureau 
of Science, for miscroscopic examination. His report is as follows : 

Examination of the pebbles shows that they are more or less covered with a 
very thin, greenish or yellowish film, which is formed by minute, uniceliular 
green algce, apparently Proiocoecus. 

The pebbles were undoubtedly secured from the upper strata of some stream 
bed, for these algse are abundant in streams throughout the Philippines. 

Gravel should never be taken from the surface layers in the stream bed, for 
this organism is always present in greater or less qualities, both in still and 
swift water. The upper few inches should be discarded, and the gravel of lower 
layers used. 

If surface gravel is used, the film of algse should be removed by heating the 
gravel sufficiently to destroy all vegetable matter on the surface of the pebbles. 
It is possible that the exposure of the gravel to the sun and air for a few weeks 
would cause the disappearance of the algje, but this is uncertain, especially in 
wet weather, for these low forms of plant life are very resistant. 

The simplest method of avoiding difficulties in connection with the use of 
gravel that is more or less covered with algse is that noted above : the removal and 
discarding of the surface layers. 

From the experience of Spackman and Lesley/® and of S. E. Thomp- 
son/^ we find that vegetable matter has also a marked effect on the 
strength of mortars. It is less readily detected in sand; but when present 
gives the moist silt a greasy nature which interferes with the hardening 
of the cement. In the Philippines and other tropical countries; where 
in rainy seasons; especially; low forms of plant life flourish so vigorously; 
the concrete workers should exert extra precaution against this source of 
danger to the strength of their structures. 

CONCLUSION. 

The discussion and data recorded above lead to the following con- 
clusions : 

1. Adequate consideration is not at present, given to the fact that the 
nature of the aggregate is fully as important as the quality of the cement 
itself. ^ 

2. It is a mistake to use, good Portland cement with poor aggregate. ' 

3. The efficiency 'of ooncrete is limited to that of its most inferior 
constituent.' In a normal mixture the strength' and durability of con- 
crete can not, be insured to exceed that of either its gravel, stonC; or 
mortar; 'and for ''any 'given ^mixture the mortar, efficiency depends ,as 
much npon the 'nature of the sand as upon the, quality of ,the ' cement. 

, ' 4.; 'Concrete ' sp'ocifications 'must include standard ' requirements for 

;■ dmef. Sm. fm^ 'frmi- 

■{'IftOaji 8...45,J. " ' ■' ■ ,■ 
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fiinrL s^rarcl. and as tgII as for cGaient^ in ordGr to guarantee 

sacisfaetorj results. 

5. Conereie speeifleations, to insure economy as well as efficiency, 
must be based upon a eomprebensiTe Imowledge of tlie relative merits of 

all available material. 

tb To ascertain the relative merits of tlie available material, a standard 
iiierliod of tasting must be adopted. 

r. This sTaiidard metbod of testing must embrace practical conditions 
*’>f manipulation and exposure, so regulated as to subject the concrete 
TO equal,’ uniform intfiiienees. 

I am indebted to Mr. F. D. Feyes, assistant in the chemical laboratory 
of this Bureau, for his assistance in the tests of materials whiel} are 
reported in this article. 

XoTE. — Shortly after this article had been prepared for publication, 
mir attention was attracted to the concrete qualities of basaltic rock from 
the Province of La Laguna. This rock is dense, iine-grained, and hard; 
and it possesses an ideal fracture' for concrete aggregate as it crushes 
into cubical fragments. 

The strength of the concrete made with this crushed stone proved 
far superior to any so far tested at this laboratory. The figures obtained 
were as follows : 

of concrete 'made from crushed basaitic rock from La Laguna. 


Age- 


Total strength 
in pounds. 


Strength, in 
pounds, per 
square inch. 


Uiwenskms of Proportions, 
cube®, in inehes. ; by Toliime. 
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90,9CM) 
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First I Ulti- 
crack. j mate. 


Mark on cubes. 


3,700 

2,203 

023 


4,236 “B” concrete. 
2,®08 “C’^ concrete. 

1,, 025 ' •“D” concrete. 


T&e stew was emsbed w that all 'pasted 1.5-iacb circular meshes. G-ood Pasig 
sand fgmvel-screeaings) was' used., ' The cement was the same as used in previous 
ialj©«iterj 'W0rk. ' , , 

mixture ' record^ hboTe shows 
ihb pteihilitie^ 'of' good aggregate in' concrete striictures where 

iBkfisgtli is not e^ential. The 1: S.3: 7.5 eonerete proved 'Stronger 
maaj 1 ; ® : 4 poor 

shnmj, and the denser, masonic 
it pads to is JItoafef&ied by IT^ vMch is a 

jfcotogttfh 4d ^ W i i ec^prenete babe whidi withstood 

a;||^(isMUW b ’i’ V '* 


ILLUSTRATIONS. 


Plate I. Criisbed cube of concrete from Carear Bridge, showing disintegration 
of gravel. 

II. Crushed cube of concrete from Pantal Bridge, Pangasinan, showing 
disintegration of mortar. 

III. Cone from crushed cube of concrete from Abatan Pa^-er. Cortes, Bolnd. 

showing effect of using gravel covered with green alg4e. 

IV. Crushed eul>e of concrete made from hrst-cdass aggregate. 
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PHILIPPINE POTTERY. 


By Geoege 1. Ada:ms and Wallace E. Pkatx. 

{Fr 07 n ihe Division of Mines, Bureau of Eoience, Manila, P. L) 

. The purpose of this report is to give a brief resume of the pottery 
industry in the Philippines and record what has been learned through 
practical experience concerning the clays of the Islands by those who 
have attempted to produce better grades of ware than the primitive pot- 
tery made by household industry. Infoimation has been gathered con- 
cerning the methods used and the results obtained at the first kilns 
built for making stoneware and porcelain from white clays. In the 
future these data may not be so easily collected and they are^ therefore^ 
recorded here for reference. The investigation of the industry at this 
time was made in. order to cooperate with the Bureau of Education in 
the establishment of pottery schools as a part of manual training instruc- 
tion. It has afforded an opportunity for making the first collection 
representative of Philippine potter}'. 

Primitive pottery . — The natives of the Philippines make crude red 
pottery at many places throughout the Islands. . It is estimated that the 
value of the total output in 1909 was 400,000 pesos. The products are, 
for the most part, pots for carrying water and cooking food. Some of 
these utensils are provided with lids. The designs seldom show any 
special merit and the ornamentation is usually confined to lines scratched 
with a stick in the unbumt ware. Prequentiy, the air-dried pots are 
washed with a ferruginous earth or ocher ground in water in order to 
give them a uniform red color when burned. 

The clay used' is generallj,',aliuyial. It is mixed with 'water, stirred 
ur worked 'over to take^ out all sticks and .pebbles,' and fhen is tramped 
with' the bare feetTomake it plastic. , Most of the' days sh0W''CO3asider-‘ 
able air shrinkage .and to, overcome this ,as much as one-third^ part of fine 
river aand 'is, someiinies/ mixed, with' the ^prepared clay. ^ , , 

The pots are turned by hand on a small wooden ^ wheel which has a 
foot rating pn a second pi^ of wood. . The wh^l is revolved by hand. 
It is not qent«ed m a hemAg or axle, but the foot of fte"whed m 
lubricated with a Itflo elaf; -In' ^taping ihoiiti of tl» pete i 
Of riolh 'wd In water' te MS' Mween the thumb ^ finger. 
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After the pots are fomied they are allowed to diy until the clay is 
leathery. They are then given a second shaping by holding a smooth 
stone on the inside and beating them with a wooden paddle. This 
renders the clay more dense and serves to overcome the tendency to crack 
while air diying. Sometimes the pots are given a second beating. If 
they are washed with ocher they are nsnally rubbed with a smooth object 
to cause the ocher to enter the surface of the clay. The operculum of 
some large shell is commonly used in this ojDeration. The air-dried pots 
are then piled on a layer of bamboo sticks or lice strav% covered with 
more fuel and buimed in the open, the burning being completed in about 
twenty minutes. 

The manufacture of pottery' in this way is carried on as a household 
industry. The making of the pots is usually done by women. The 
obtaining of the material and the marketing of the product is done by 
the men. Certain to-^ms and barrios are centers of the industry and in 
passing through them one sees the products displayed for' sale in the 
houses and dooryards and hears the beating of the pots as they are being 
formed. The localization of the manufacture seems to depend to some 
extent upon the pressence of suitable clay, but more particularly upon 
the facilities for marketing the product along routes of water trans- 
portation. 

Introduction of kilns , — The use of kilns and some improvements over 
the piiniitive methods of making pottery seem to have been introduced 
under the Spanish regime in order to meeb the demands of household 
articles not found in use by the natives and to supply eafthernware 
required in certain industries. The use of kilns permitted a better burn- 
ing of the common red ware and they produced a sufficiently ’high 
ten,perature to semivitiify the 'product. 


BxicEifTS fOa? cooking with ckarcoal or wood fires are made with three projections 
which wiil support a ronnd-hottomed pot. Sometimes a small oven forms a part 
of a l^azier. If made as a separate piece, the oven can be placed on top of a 
braeler or: wsed' as a *T)nteh oven'* hy setting it on w bed of ooals and placing fuel 
wwmi it As a substitute for the porous water jars of small 

large' ones are turned On 'potters* wheels supported by a vertical axle and 
by 'the Tool of the operator, or by an, assistant. Such ' j'ars are burned 'to 


are. need' for jars in households, for ' collecting ' the 

'Used' :'ln: maiding, and as ■ containers for coconut oil. 
' A» we sometimes transported on pack animals but more com- 

, ' 'Called, 'Or OfiBS'Cooa. Conical-shaped "receptacles 

a hoHa in, the bottoiu e^ed we used in the manufacture of sugar. 

Ste juih ^00^ Sa yottrei Inho tlses© moldSi where it crystallises, the molasses 

'fiu^r oOUes ur ‘"OugW hats” thus formed 
' raolds, hut are more commonly 
^ red ware are also 



PHILIPPINE POTTEEY. 


U5 


There are but a few kilns in tlie Philippines. Tlie usual trpe is a lone* 
seniicylindrieal structure built on a grade of about 10 per cent. liaTing 
a chimney at the upper end and a door and hearth at the lower i iig. 1 T. 
There are also openings for firing along the sides of the kiln. They are 
constructed of volcanic tufl: and common brick laid up and plastered 
over with mud. The fuel used is wood. A high temperature can not 
be obtained in these kilns and the semivitrified products from some 
of them are due to the low fusing point of the clays used. There is 
considerable shrinkage in burning, and when the clay fuses the sand 
used to prevent cracking comes to the surface, making the ware rough 
and pebbhv 

Attempts to maJee porcelam . — There axe many deposits of white or 
light-colored earths or days in the Philippines, which are sold in the 



markets in the form of balls or cylinders, and used in preparing a kind 
of cold-water paint or whitewash for painting houses. These clays are 
commonly, but improperly, called '"yeso/" wlikli is the Spanish word for 
gypsum. They usually contain a low percentage * of silica, but some 
of them approach true kaolin in chemical composition. 

Itt 1903 M, I’agawaj a Japanese for manj years engaged in business in Manila 
and now pi’oprietor of a store on Plaza Moraga, built a small kiln at Bocaue witli 
the idea that the white clay found there eould be used in making porcelain. It 
was Boon discovered' that the clay, was not very plastic and burned to a light 
weight, friable'' biscuit. The kiln was operated' for a, short 'time, the output heiag 
bowls, ' flowerpots, etc,, with metallic oxide glazes on biscuits bui'n«i from, Bocaue 
clay and comMon, alluvia! clay,' ■, ,' , 

A more serious effort ;to m»ufe.eture^ porcelain was made^ by' BoU' Bnrique Zobel, 

' who built 'a kiln installed 'Some’mac|d33®ry''B»r the Boxas haaeadi on the bank 
^bf .thb Pa% ftiver, 'WOSt of aEd,:a shott 'dMineb, beyond 'tbe'aty 

,Iimits-of 'jpam|a.''v : the, project through the mpreseniatkas 
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of Sr. QuintOj a Filipino who resided for some time in Japan and investigated 
the nianufactiire of porcelain there. Experienced Japanese workmen were employed 
and clays from Bocane, Los Banos, and Nasugbu and silica from near Laoag in 
Ilocos Norte were shipped to the factory. Some Japanese clays and silica were 
imported. The factory was operated for about one year and a large amount of 
ware was made and sold, hut the enterprise was not successful. It soon became 
evident that a high grade of porcelain clay had not been found and that there was 
a deficiency in silica which could not be readily supplied from Philippine sources. 


The writer has sectired fi-om Yasnziro Kato^ who was employed in 
the faetorty three authentic pieces which illustrate the results obtained 
with Philippine 'materials: 

( 1 } A yellowish plate ornamented with a fish sketched in blue. The biscuit was 
burned from a mixture of ten parts Los Banos clay and four parts Bocaue clay. 
The glaze contains ‘‘silica” from Laoag. The ware is light weight, not very strong, 
and somewhat pitted. 

• (2) A grayish plate ornamented with a fish sketched in blue. The biscuit was 
burned from a mixture of ten parts Los Banos clay and four parts Batangas 
clay. Laoag “silica” was used in the glaze. The ware is heavy and apparently 
strong, but is somewhat pitted. The biscuit is faintly yellowish. 

(3} A white bowl (now broken) with a Japanese character for the word “new” 
ivritten in blue in the bottom. The biscuit was burned from ten parts Los Bafios 
clay and two parts Laoag “silica.” The glaze was of the sanje material. This 
ware is the best which was made from Philippine materials. The biscuit is white 
and the glaze white, but not quite so pure as is desirable. 

A better class of ware was manufactured from Los Banos clay and Japanese 
silica. An example of this product is a plate with a blue transferred Japanese 
design. _ 


At the Zobel factory some fine porcelain was made from J apanese 
materials and a few articles were decorated in colors and gilt. A great 
yariety of artieies were manufactTired^ including small yases such as 
would, readily sell to the trade, and flowerpots, etc., with metallic oxide 
glazes were made from allufial clay obtained at the factory. It is un- 
fortunate that the factory did not continue in operation, producing such 
ware as il' was 'possible' to make from 'the alluviai clays and finding a 
ready market for iheir, product in Manila, ' 

,Dr. Bayid' P. /Earrow^ formerly 'Director of the 'Bureau of' Educa- 
. ttoa, ',adT 0 caled the .esfobhshliig of a, pottery school as a part of the in- 
straction in minua! training, 'The 'Seryiees of Kanjiuro Kato, a Japan- 
with porodafo mwmfaetore, were secured 'in ‘1906 on tiie 
of ICy- Punter . Sharp, American consul' at .'.Kobe. So 
were eiwmtefod in the experfoiental work which he 
ctoiei C© ^&ai fibe iinierlaldng,-Wae temporarily abandoned, 

in$, T. Kato, who had worked 
';m M" ^ploy ' of '':;^hel',:vwent''' 'to 
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Binan and began experimenting witli clajs from yarioiis deposits, includ- 
ing one at Mimtinliipa. He built a kiln at San Pedro Tunasan and was 
joined by Iv. Kato. 

They use princdpally alluvial clays, but some of their better ware is made 
from Aviiite Calamba clays. Metallie oxide glazes are employed and the prodiiet 
includes flowerpots of ornamental design, water jars with faucets and'dlteis, 
vases, jardiniers and pedestals, and lion heads, also statuettes of saints, and 
busts of Eizal sold either as bisques or painted in colors. The output is sold 
principally in Manila. Tlie type of kiln used is shown in the accDnipaiiviiiu 
illustration (fig. 2). 

At Pandacan in Manila, tli6re is a kiln owned by Severino Alberto, 
a Spaniard, whicb has been in operation for many years. The labor is 
performed by Chinese. 

Alluvial clay is used which burns to a red biscuit. The ware is sometimes 
painted in colors, but usually is given a metallic oxide glaze. Water bottles 
are also made which are given a wash of w^hite clay and then slightly rebunied. 
The products of this kiln are principally flower pots, bowds and various earthern 
vessels. The output sells readily in Manila. The ware is not so good as that 
made at San Pedro Tunasan, since no attempt is made to use the better grades 
of clay. 



At San Felipe Neri, Go Kicho, a Chinaman, has a brick kiln and a pottery 
kiln. He uses alluvial clay. Some crude pottery -with metallic oxide glaze is 
made in addition to the nsiial product of red pottery. 

The biscuits which are^ nsed for the glazed pottery at the kilns just 
mentioned are made from alltivial clay, but are more dense and inneh 
stmngex than the native ware.” ' This is dne; largely to a careful washing 
of the clay, subsequent: thorough > kneading, to make it plastic, and burn- 
ing at a 'higher temperaiure* The white , clays ' used ' at Sm Pedro Tu- 
nasan are 'employed, because'' they are -of better quality than the alluvial 
clays. Being low in, silica they do not have' the strength requisite for 
Bt'oneware;^ and nomtaining 'some iron they, exhibit a variable pinkish or 
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yellowish color when burned. Some pieces have been made in which the 
silica has been increased by the addition of Laoag ^‘silica.'''’’ 

At San Pedro Tunasan the clay is washed in barrels or tanks. It 
is placed in the first barrel with a large amount of water and is stirred 
with a stick until a considerable percentage is in suspension. A part of 
the water is then dipped from the barrel and poured through a sieve 
liaviug about 60 meshes to the inch, into a second barrel. After a few 
minutes, when the clay is partially settled in the second barrel, the upper 
part- of the water is dipped or siphoned back into the first and tlie 
process repeated. The washed clay which settles as a thin mud is placed 
in the tank between the ovens and the chimney of the kiln and the excess 
of water is evaporated by the heat from the latter when it is fired. At 
-Pandacan the clay is tvashed in pits. In the first pit it is mixed by 
tramping in water which comes to the height of a maAs waist. The 
water with the clay in suspension is poured through a sieve into a second 
pit, from which it may flow to either of two large drying floors. The 
process of washing the clay by tramping is not an inviting occupation, 
and stirring the clay in barrels is an awkward method. A log washer 
tamed by hand, an arrangement of screens and tanks, and a small pump 
for running wafer to the washer from the settling tanks would be inex- 
pensive improvements which would save labor and dignify the work. 

Charmierwiics of white clays .- — Some idea of the character of the 
white clays may be gathered from what has been noted concerning the 
results obtained at ZobeFs factory, where the utility of certain of tlieni 
was determined in a practical way. In addition, the chemical composi- 
tion of the clays analyzed in the chemical division of the -Bureau of 
Science has been published by Dr. Alvin J. Cox,^ together with some 
physical tests. The writer in the following' table has grouped certain 
of these analyse according to localities- An* analysis of Laoag silica by 
, L.^AASalmger is appended, 

and Badio-activity of the Clays from Luzon.'' This 
Ay 2,, S, A 13-435. Laguna Clays, B^g. A, (1908), 
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Table I. — Aoialyses of Philippine elans. 
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It will be seen that the clays from the region of Mount Maquiling, 
commonly referred to as the Los Banos and Calainba clays, are high in 
alumina and relatively low in silica. Some of them approximate the 
composition of kaolinite. The clays from the region of Kasugbii in, 
Batangas Province are low in alumina and relatively high in silica. It 
will be remembered that a strong ware made at ZobeFs kiln was obtained 
by mixing 10 parts of Los Baiios clay and 4 parts of Batangas clay, which 
brought up the percentage of silica, and that the best and strongest ware 
from Philippine materials was obtained by using 10 parts of Los Bvhos 
clay and 2 parts of Laoag ‘'%ilieaf' 

The clay from Matiquio on the east side of Jalajala Peninsula, Laguna 
Province, is low in alumina but is high in iron. In addition to the 
pliysical tests reported by Cox, a practical test has been made by burning 
some ware made from it in the kiln at San Pedro Tunasan. It is not 
certain that the clay used in the ware is the same as the sample analysed. 
On burning it showed a peculiar, old-fose color. The practical test 
demonstrated that it is suitable for hard earthenware in which the color 
would be covered by a glaze. 

The analyses of alluvial clays show a rather low percentage of silica 
and a high total of duxes. They »fuse at a low temperature 'and show 
more shrinkage than is desirable. 

An analysis of a clay from Albay Province, locality not definitely 
known, shows the highest percentage of silica of any of the Philippine 
clays outside of one sample from Hasugbu, and is inserted for the sake 
of comparison and as an example of silicioiis clay such as it is desirable 
to find. 

In general it may be stated that the Philippine clays are deficient 
in silica, and, moreover, that the only source of additional silica thus 
far discovered is at Laoag, in Ilocos blorte, far removed from the pottery 
industry which at present centers near Manila. According t.o Dr. W, D. 
Smith, of the division of mines, this material is obtained from a decom- 
posed gr^nilite dyke.^ It is disintegrated by heating, so that the ma- 
’ terM'WMeh^ was used 'in Manila at ZobeFs kiln,, and to a small extent 
at the bottle factory, was received in the form of a sand. 

Fbifefy Min at the 8ania Grm trade school. — ^Mr. A. Gr. McLeod, 
sTiperintendent of the schools of Laguna Province, in December^ 1909, 
in accordance with the plans of the Director of Education, had con- 
sWcted undeif the direction of E. Eato a down-draft Min with two ovens, 

^ making of pottery from alluvial clay. It is proposed soon 

/i “tibo of clay from MaMquio which will permit of pro- 

a pi?o330d$es to meet with success, since 




^ ’The 


With notes tff© 
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The esialjVislunent of a poitrnj school at Mcmilo, — It is the ehin of 
tlie present Director of Education, Erank R. AThite, to estahlish a tHjtterT 
?e!iool on the bank of the Pasig Eiver in Alaniia in coiineetiuii witii 
other courses in manual training no\r taught at the capital. The serriee.s 
of Y. Kato trill be available and there is everv reason to ])elie\'e that the 
school will be a success, since the ware of the class wliich will ’oe ioade 
is now sold in sufficient amount in Alanila to show that the mitrnit 
the kiln will at least pay the running expenses of the school. 

Ill eoniiection with the school at Alanila, it is proposed to can*y on 
experiments with clays from the various deposits found throughout the 
Islands with the hope of discovering materials which will make a superior 
ware. The clays from Xasughu, Los Banos, and AIati<|uio, the value 
of which has already been determined, can he economically transported 
to Manila, wliich is a central point. The Bureau of Science will co- 
operate in so far as is possible in the e.xperimental work. It is prsiliable 
that the Bureau of Education through instruction will be able to dis- 
seminate a knowledge of pottery making tbroiighoiit the Islands and that 
a eonsiderahle improvement in the character of Philippine ]iOttery will 
result from its efforts. 

93^17 7 




ILLUSTRATIONS. 


Plate I. 

Fig. 1. Turning pottery on a Chinese wheel. 

2. Finishing a ®*^teiiaja.” 

3. Transporting ^Vino” in "tenajas.” 

Plate II. 

Fig. 1. Turning pottery on a native wheel. 

2. Beating pots into final shape. 

3. Native pottery market^ Ilocos Snr, (Photograph by Dean C. Worcester.) 

Plate HI. 

Fig. 1. Pile of pottery, showing method of burning. (Photograph by Dean C. 
Worcester. ) 

2. Pottery peddler in suburbs of hlanila. 

Text Figubes. 

1. Sketch of Philippine pottery kiln. 

2. Type of kiln introduced by Japanese. 
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Fm. 2. POTTERY PEDDLER IN SUBURBS OF MANILA. 
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THE PETROGRAPHY OF SOME IGNEOUS ROCKS OF THE 

PHILIPPINES.' 


By Joseph P. Ibdixgs. 

{Ignited titfitcs Geological. Sitrvejf, Wafihihfjton, I), fj.} 


PETEOGBAPIIY. 

The rocks of the Philippine Islands, so far as known, are : 

1. The igneous rocks that form the volcanoes ami principal nioiiiitain 
ranges^ and that consist of massive lavas, both extrusive and intrusive, and 
to a larger extent, perhaps, of ttiffS' and aerial breccias. Tltese rocks not 
only form the cones and sbtpes of tlie volcanic mountains, I, ait extend in 
certain regions over tlie plains and valleys, and mingle with the sands and 
('Oral limestones which make up the sedimentary rocks of the islands. 

2. Those igneous rocks 'which have solidified at some depth ])eiieatli the 
sui'face, and in places have been considerably metamorpliosed by shearing 
and recrystaliization, and in other ways changed: and trhich liave become 
exposed through erosion. Tli&e rocks appear to be older than the recent 
volcanic rocks,, but may not be older than the earliest tertiary formations. 
They may be exposed intmsions of the volcanic lavas that form the older 
portions of the volcanic mountains mentioned in the first paragraph. 

3. The sedimentaiy deposits that have been derived from the igneous 
masses by disintegration in some instances, and by degradation of tutf 
deposits, or by direct 'sedimentation of such. volcanic material at the time 
of, rits eruption, together with' such other 'sediments as may have been 
derived from coral 'reefs, and- other rcK^ks. 

I. BOCKS or THE VOECAHIC MOIJXTA’IXS. 


, 'The great bulk of ^ all volcanic rocks of the islands is miimMe, for 
t,he in ,■ which h}Tpersthene and augite are 

.both, Tpr^nt, ;the', O'rhiorhomWe. pyroxene often in' great abundance. A' 
considerable' proportion of the' tnd^ites 'Cariy hornblende besides' pyrox- 


ene, and are hornbhnde-p^mmm»m^em^^^ A 'smaller' miinher: are horn- 
bloudo^andesites without,' fewer co'fo'aiu biotite_ ip addi- 

Work w»s perlaTi«€ia I* Ihe'J&boratwy of ihe division of mlww, BaimU; 
of Manila. ^ ^ , y w . , ' y y 
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tioii to tlie feiTomagnesian minerals already named. Some pyroxene- 
andesites carry small amounts of olivine, and form transitions between 
andesite and basalt. 

Basalts with a variable amount of olivine are abundant, and constitute 
some of the more prominent and the more active volcanoes. On the other 
hand dacites, and possibly rhyolite, are rare, so far as known, and occur 
in relatively small bodies. 

Certain basaltic rocks characterized rather alkalic feldspar, and in 
one ease by altered leueite, are found in several localities. 

Fyroxene-andesite , — In most instances these rocks are dark colored, 
dense or porous, less often vesicular: porphyritic wdth many small pheno- 
erysts, that is, they are mediopliyric. The relative amounts of pheno- 
crysts and groundmass vary somewhat in different cases, but the great 
majority have nearly equal amounts of phenocrysts and groundmass 
(sempatic), or have rather more groundmass (dopatic). Several of the 
freshest varieties collected may be described as follows : 


From Cochinos Point and Sisiman, Bataan Province, there is a dark-colored, 
sempatic, mediophyrie rock; that is, one having many small phenocrysts, about as 
much in bulk as the groundmass which contains them. The phenocrysts are 
mostly lahradorite, approximately Ab^Ana, with pronounced zonal structure, the 
narrow outermost zone being distinctly alkalic. The shapes are those of rectan- 
gular prismoid to equant crystals. In size they are seriate; that is, of different 
sizes, from those of several millimeters to less than 1 millimeter. They are well 
twinned in Carlsbad, albite and perieline manner. They contain many miero- 
acopie inclusions,. usually in the central portion of each crystal. There are fewer 
phtoocrysts of hypersthene and augite, the former faintly pleochroic in thin 
section, Augite is twinned in some cases, and occasionally surrounds hypersthene. 
The pyroxene phenocrysts are euhedral, with the first and second pinacoids strongly 
developed. In size they are generally smaller than the largest feldspars. There 
is considerable magnetit-e in small crj^stals. Those inclosed in pyroxene are 
smaller than others not so inclosed. Some are inclosed in the margin of the 
feldspar. The groundmass consists of microlites crowded together; rectangular 
eqmnt, also prismoid plagioclaae feldspar, prismoid pyroxene, and equant mag- 
netite; probably with a cementing matrix of colorless ' glass. 


Almost iientiijal rocks occur at Corregidor Island and Mount Arayat, 
Pampanga Proyince.' In one rock "from'' Corregidor tlie magnetite lias 
crfsiailized in skeleton-like form within a cluster of hypersthene 

and angite crystals^' as when' quartz forms graphic intergrowth with 
Ofih'Octeey indicatliig^ synchronous erystallizatioii of the magnetite and 
pfrdkefie. 


'having' "ihq. 'Same composition • and habit as that 
d«crifeed from CoAhicb Point odeur in Alfoay Province, Luzon, un Cebu, 
»d etewhere m the lelmid?. 

A of the samo general lype as those just, described,, 

ie the s^e Mnds of phenocrysts, hut 

at Siniloam, Laguna Province.’" 
> which is slightly more 
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abundant than the euiiedral. rather lar^e inicrolite^ ot reeiaiiEihar, er ran: 
and prisinoid plagioelase, r*rismoid nvinxene, arrl e'raarii irxiLnetiie. 

PjTOxene-andesite? with holoerTStalline grcnndmas- hare t*eeii hjaL^h 
in Tarioiis localities: Bengiiet, Iloeos Xorre, 3Iasbate. r"h:a;, and eh.-- 
tvliere. In some the microlites are erowdefi together, tvirhout matrix ttt 
glass, and without any characters that distinguish the groiindmass rexnire 
notably from many in which there is a slight amount of grass r;ase, except 
that the form of the microlites is less distinct. In those with simdnh/ 
coarser crystallization the fabric is characterized by ariliedral. e-cmiit. 
micropoikilitie qnartZ;, in indistinctly outlined anhedroiis. crowd c-1 with 
niimite prism olds of plagioelase and pyroxene, and anhedroiis of mag- 
netite. 

A still coarser variety occurs at i\[ouiir Batalao. in sotuliwestern Luzom 

It is dosemic. that is, the ijUeiiocrysts are more abmhUint tl.an the gToiindmass: 
it is mediophyric. with phenocrysts between 1 and 5 niiiliiiieters in diameter. 
There is much labradorite in euhedral crystals, rectangular and tabuhir, with 
pronounced zonal structure, in recurrent zones uf more or h‘s> alkaiic com- 
position; Axell twinned, and containing many inclusions. There are lewer and 
smaller pheimerysts of pyroxene, both hyjjersrhene and aiigite; and still les^ 
magnetite. The groundmass is holocrystolline. and consists of small euiiedral 
plagiodase, less ptwoxene and magnetite, witli iriterserta! anhedroiis of p>oikiIitic 
quartz, crowded witli minute inclusions, i'chadaery5ts;> of plagiifclu'e and alkali- 
feldspar, probably orthoclase. The intersertal „ quartzes are chadoikie, that is. 
there is about as miicli matrix quartz /oikocrystj as inclusions I'eluidacrysts'* . 
In a somewhat similar, tlosemic. mediophyric, pyroxene-andesitfe from 1 kilometer 
southeast of Aroroy, Masbate, the phenoerysts of pyroxene are larger than 
of feldspar, and the larger augites inclose some plagioelase (labradorite), aome 
hypersthene, and magnetite. The liypersthene is altered. The groundmass is 
itself porphyritie with small euhedral plagioclases in a matrix of consertal, 
anhedral crystals of more alkaiic plagioelase. pyroxene, magnetite, and some 
quartz. This matrix is intersertal between the euhedral crystals. A similar 
fabric characterized a slightly altered pyroxene-andesite from Benguet, wiiieli is 
persemic ; that is, has more phenoerysts than groundmass. 

An olivine-bearing pyroxene-andes^ite occurs at Aiitipolo, Bizal 
Province. 

It is.dopatic, mth preponderance of groundmass; is mediophyric, and has a 
hyatal to seriate, porphyritie fabric. There are many phenoerysts of labradorite, 
with abundant inclusions: few of pyroxene and some olivine. Tlie groundmass 
consists of colorless glass crowded with broum globulites, and many microlites of 
prismoid plagiodase, equant to prismoid pjwoxene, ecpiant magnetite, ant! many 
minute, long, needle-like crystals of pyroxene, and lines' of globulites, which are 
nndoubtedly pyroxene also. Some are in attached strings, some are i-liseoaneeted. 
All 'the prismoid crystals are diverse in arrangement. This variety of rock is 
intermediate ' between , andesite and basalt. 

Quite different types' of texture 'from those Just do^eribed occtf in other 
varieties' of pjroxene-audesite. ' 

( ' On© from Union Provinic® is .^r'patie/witb almost no phenoerysts, and these '«re 
of' plagi^oela^. ' The 'groundmass 'consists ■■of .tabloid plagi'Oclase, sections 'being 
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priMiioid anti et|iiant, mostly indistinct bounded anhedrons. seriate in size, with 
soiiie Mibparallcl arrangement, or tiow-structure. Tlie feldsxmr is not notably 
hirefriiincTit cwcept in prisiiioid sections, and is probably more alkalic than labra- 
dorite, |)Ossil>Iy andesine. There are minute prismoids, or needles, of pyroxene, 
seriate in size, in places diverse in arrangement also in clusters of subparallel 
prisms, crowded together closely by the side of the feldspar prisms or plates; 
alsc» in >Iightly radiate bundles. Tlagnetite occurs in prominent and numerous 
euliedral and subhedral crystals. 

All exceptional roek related in fabric to that just described is found 
in gravel at Montalbaiy, Eizal Province. 

It is a dense, greenish -gray, nonporphyi-itic roek, showing small megascopic 
crystals of fehlspar and fewer of pyroxene. In thin section it consists of dendritic 
radiating clusters of nearly colorless monoelinie pyroxene, aiigite, and prismoids 
of felds|jar. Also prismoid plagioclase in diverse arrangement and in many cases 
curved. The feldspar is probably oligoelase, as indicated by its optical properties. 
There is niiieli green splieriilitic serpentine or chlorite. There are small crystals 
of magnetite, and clusters of browm anhedrons, probably epidote. There is some 
secondary quartz. 

Honiblende-pyroxene-andesites are very similar to pyroxene-aiidesites 
in composition except for rbe presence of variable amounts of hornblende., 
and generally smaller amounts of hyperstliene. They resemble tliem also 
in texture.* having similar habits and like variations in the fabric of the 
gi^oiuidinass* There are varieties vrith little hornblende which grade by 
increasing amounts of this mineral and decreasing amounts of ppmene 
into lioriiblende-andesites. A few rocks of this group contain small 
amounts of olivine. They are not so abundant in the Islands as pyroxene- 
andesite, judging from the collections already made, and occur intimately 
associated with them in various localities. 

Hornb|eiide'p>'ruxeiie"aBdes^ite from Cabcaban, Bataan Province is dosemie 
'Seriate, and miwiiophyric:' that is, it is richer in phenocrysts than in groundmass, 
and they vary iii size from something less than 5 millimeters to microscopic 
crystals that may l>e considered as constituents of the groundmass. The phenocrysts 
are mostly lahradorite, euhedral to subhedral. There are fewer of augite and 
hyperstbene, am! still less ■ of hornblende, which is in relatively large crystals, 
greemsh-brown, with dark borders. There are small phenocrysts of magnetite, and 
long tliin prisms of apatite. The groundmass consists of micr elites of plagioclase. 
pyroxene and magnetite, probably 'with a small amount of glass as matrix. Tliere 
^ are 'Some secondary minerals in the rock, 

, _ Another variety from Diimlupihan, Bataan Province, is similar to that just 
bat the ph^aoerysts of plagioclase carry hue ■ glass inclusions 5 some of 
Aeifii' browrV' sad, in' sonae crystals 'in ssoaes* Brown hornblende wnthout any dark 
" 'border is abii»itn 4 ' and oocars also irt, small crystals in the 'groundmass. 

A .linin'' contains ehhedra! crystals of 

lalraittritei (AbA*%l> red-brown kOrnblcAdo^ with, strong absorption, 'and, a narrow 
ilarfe: border# and an e^nal pyros:ehe,, 'mostly augite* besides 'maghetit^^. 

consists of enhrtrid aa^darolifc^ of prismoid plagioclase and 
. wlib s .protoaMy^, a small 'amount', of 
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A 'omewhat ■<imilar ruck ueeiii"^ at Xiij>varlari,ii in Ltiuiina rruv-in'-*'; ii i*, 
however, dopatie. tiiat is, it is rk-iier in orouraim<i''S than in phercM-rv The 
eiiliedral phenucrysts of labradorite fAbAiiji hove .-onie roiiahy arraiievh ineiii- 
siuii.s: there is iiiueh euberlral to suldiedral. stron^n' oruwn iionibleinle. withoo.' 
dark border; in mie case there is a «lieli of ^inull ]»yr<jXene cry>ta;^. The ];\r**Ke!ie 
is aunite in eiihedral ami suhhedral crystals. The groiindnci-s i- l.e-o\vi; 

CTfjwded with euhedral microlites of reetan^ijiilar, eqiiant, and prismoid playd* aha-^e. 
prisnioids of pyroxene, a small amount <>f he»niblende. and map'iietite. 

Hornblende-pyroxene-aiidesite from Tloiiut Batahap Baiiiu^as PrcAince, iuis 
red-brown hornblende with narrow dark borders, W'hieli oecur also ^la-roumlimj ihe 
pyroxene. The grotindmass is holoerystalline and niierogranular : compr^'eti of 
indistinctly outlined, eqiuiiit anhedrons, mo*stly fehispar. 

On Tlasbate, 1 kilometer southwest of summit of iNXoLini Batnidilla, there is 
a variety with liolocrystailine groundma>^ having tim same fabric ii'^ the pyrc-xeiie- 
andesite already described: it is porphyritic. with r-mall aiihedral |.♦hl"ioelase in 
a matrix of consertal aidjedrons of more aikalic ]>lagicadase. pyroxene, magnetite, 
and some quartz. This matrix is intersertal between the small euhedral crystab. 

An olivine-bearing vaidety occurs on IMindanao. The hornblende is brown, Th^ 
inToxene is augite; there is a little colorless olivine, and possibly a little Motite. 
The gronndmass is ptimieeons and gla^^y. crowded with microlites of f eld -par, 
pyroxene and magnetite. 

Homblencle-aiidesito. with little or no jAToxentx is of widespread oe- 
eurreiice. Its liabii varies considerably, some varieties are inagnoplivrie 
with abundant large phenoerysts of plagio^Iase about lb millinieters in 
diameter, and smaller ones of hornblende. These are the rocks that wore 
formerly called* "'‘■'trachytes.'" 

At Oiongapo, Zambaies Province, there is hornblende-andesite which is sempiitic 
and seriate magnophyiTe. There are abundant phenoerysts of plagiockse uiul 
hornblende; few of pyroxene, and a few of «|uartz. The plagloelase is pronouncedly 
zonal with reciirrent zones. The center is highly calcic, at least Ah, An,, bytownite. 
Successive zones are distinctly marked, with alternation in comfwsition as shown 
by extinction angles; becoming generally more alkalie toward the margin, but the 
outermost narrow zone is strongly calcic like the centra! part of the crystal. 
There are many inclusions, usually clustered in zonc'^. The hornblende is greenish- 
brown, Contains many inclusions, often zonal, also 'central in some cases, with 
the outer portion of clear hornblende, and a narrow dark border. Pararoorphs of 
Imrnblende are common. Rarely augite is inclose<h or partly surrounded by 
hornblende. The quartz phenoerysts are rounded. There are rounded colorless 
crystals of apatite. The grotmdmass consists of euhedral microlites <»f plagioclase, 
eqiiant and rectangular, with small amount of matrix of aikalic feldspar, or 
glass base. 

Tile liglit-colored'rock at Sisiman wliieii k used in the Manila Break- 
vateib is liornbleiide-aiidesite. 

. It is 'sempatie. seriate' and mediophyric. The most nbunciaiit phenoerysts are 
labradorite (AbAn,), euhedral and subliedrah They pssess a narrow outer zone 
of distinetiy more aikalic feldspar, 'which, however, has notieatWy higher refraction 
than the anhedral ' feldspar 'of the ^ surrounding groundmass. The hbrnblende 
, gr^eehisli-browii, but is mostly patamorphosed into aggregates of raagaetife and, 
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pyroxene. There are few plienocrysts of pyroxene, and relatively large ones ef 
magnetite. Tlie groundmass is liolocrystanine, composed of consertal anhedrons 
of feldspar, in part probably ortlioclase, with some quartz. The rock is somewhat 
altered in parts, and contains calcite. 

The hornblende-andesite from Sta. Inez iron mines, Kizal Province, is typical 
of numerous others in these Islands. It is dopatic, seriate, iriediopliyrie, with 
abundant euhedral plienocrysts of labradorite (Ab.AUjj) and many small pheno- 
erysts of greenish-brown hornblende with dark border. There arc small magnetites, 
and a few colorless apatites, but no plienocrysts of pyroxene. The groundmass is 
liolocrystalline, and consists of equant anliedrons of alkalic feldspar and quartz, 
with euiiedral rectangular plagioclase, some minute anliedrons of magnetite, and 
brownish granules that are probably pyroxene. ]\[egascopically it appears to be 
distinctly crystalline, and represents a transitional variety between liolocrystalline 
andesite and diorite-porphyry. Similar rock occurs in the Batanes Islands; in 
this the groundmass contains euhedral and subhedral quartzes that are micro- 
poikilitie. 

Eornhlende-hiotit e-andesite is found among the river gravel at Montalban, It 
is sempatic, seriate, and mediophyrie. The plagiocdase plienocrysts are euhedral, 
zonally developed, and approximately AbiAnj. The biotite is brown; the horn- 
blende in this case is altered. There is magnetite and colorless apatite. The 
groundmass is microgranular, and consists of rectangular euhedral plagioclase 
’vidtli consertal anhedral feldspar, and micropoikilitic quartz. 


Daeites are not as common as tlie andesites and the few specimens 
collected are in p<qrt noticeably porp’hyritic, in part niegaseopieally non- 
porpliyritic. 


One from Benguet is sempatic and hyatal, mediophyrie; that is, there is a 
sharp contrast between the size of the smaller plienocrysts and the grain of the 
groundmass. There are many rather large plienocrysts of plagioclase (AbixinO 
with slightly rounded exhedral forms, distinctly zonal; fewer and smaller 
pbenocrysts of green hornblende, brown biotite, and still fewer of subhedral, 
rounded quartz; and some magnetite. The groundmass is microcryptocrystalline. 

A similar rock from Mindanao has the same habit ; but more plienocrysts, which 
are somewhat smaller, and more of them are ferromagnesian minerals. The 
somewhat rounded subhedral quartzes in some cases partly inclose euhedral 
brownish-green hornblende at the extremities of “bays” or pockets of groundmass, 
showing that these pockets and the rounded form of the quartz crystals were 
produced at the time of the crystallization of the quartz, and did not result from 
subsequent melting or solution of euhedral crystals. The groundmass is holocrys- 
talline, with consertal, equigranukr fabric; composed of anhedrons of alkalic 
feldspar, in part probably orthoclase, and of quartz,' This rock is a more quartzoae 
hornblende-andesite. 


.A 'Similar type of dacite occurs- on Masbate. The pbenocrysts are similar, but 
the, groundmaes is ^ slightly coarser, ;with much euhedral and subhedral crystals 
of :'<|u»t2ih,a matrix ,pf' equant anhedrons of -alkalic' -feldspar. These are also 
inicrocrysialiine chlorite'-' and .'epiddte.- ■ ' ' 


pn'Corregidoy^'Ts^nd,:;ipassiye-'''te^ which is '.white and 'dopatic, nnd 

seriate^ mdhofhyrie. The"'phenocrystg, are glassy 'plagioclase, quartz '-and ' biotite, 
black and ei&edrah . The groundmass fs holocrystalHne and-' -seriate 
consist^ of dtoMl fhmmcryst® of prismoid plagioclase, -.'probably' 
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anclesiiie-oligoclase, and abundant, euhedral, bipTramldal quartzes,- in a matrix 
of anliedral quartz and inter serial alkalic feldspar. 

A similar dacite occurs east of the limestone, in the waterworks gorge at Moii- 
talban, Pvizal Province. It is perpatic and mediophyrie with few white phenoerysts 
in the specimen. Tlie groiiiidmass is coarser, and more granular, the euhedral 
and anhedral microscopic quartzes are somewhat larger than the minute prismoids 
of feldspar, and their outline is less sharply defined than those in the dacite from 
Corregidor, there is much minute subhedral magnetite, and globules of pyroxene, 
besides some chlorite. 

Megascopicall}^ iionporpliyritic dacite^ or possibly rhyolite, occurs in 
several localities. Its composition can not he determined by the micro- 
scope, because of the scarcity of the recognizable crystals. It is not 
known whether the feldspathic constituents are distinctly alkalic, or ealci- 
alkalic. 

At Montalban the rock is microscopically porphyritic, seriate and dopatie, with 
microscopic phenoerysts of quartz, subhedral and also embayed, with inclusions 
of prismatic feldspar; besides phenoerysts of alkalic plagioelase. The grouudmass 
is microcryptocrystalline, with chlorite and iron oxide. Another variety at 
Montalban is green, and has the same kinds of microscopic phenoerysts. The 
groimdmass is altered, breeeiated, pumiceous glass which is now microeryptocrys- 
talline or microspherulitic. There is much chlorite in the pores of the pumice.- 

On Cebu somewhat similar rock occurs. It has the fabric of collapsed pumice; 
that is, it consists of devitrified, welded, angular fragments of glass, now" micro- 
cryptocrystallinc. In it are small fragments of quartz, altered feldspar, and a 
few shreds of brown mica. 

One variety does not appear breeeiated, but consists of a browmish-gray ground- 
mass, microgranular wuth indistinct spherulitic radial fabric. The granules appear 
to be minute anhedrons of quartz and alkalic feldspar with some magnetite. 
The spherulitic rays appear to be prismoids of ill-defined alkalic feldspar. These 
are small phenoerysts of sanidine. 

Bamlts. — There are transitions betw^een olivine-hearing pyroxene-ande- 
sites and basalts rich in olivine, so there are basalts with the textures 
found in andesite, and others wdth texture not developed in andesites. 
No line can be drawn between these two groups of rocks; and petro- 
graphers differ as to the classification of rocks intermediate between 
basalts and andesites. It happens that the lavas of Mayon and Taal 
Yoleanoes belong in part to these intermediate varieties, which may be 
called olivine-bearing pyroxene-andesites or andesitic basalts, while other 
varieties of lava from these volcanoes are normal basalts, with abundant 
olivine. 

, Basalts with' andesitic habit occur in Batanes. In two cases the rocks have 
the composition of hyper sthene-augite-andesite with small phenoerysts of colorless 
olivine partly altered ' to iddingsite; the' groun'dmass being holocrystalline, with 

These’ microscopic: crystals ;of. quartz were considered to be feldspar, by Geo. F, 
’'Becker in'Ms'deseripiion'Of this/rockw , 17. B. 0eoL Bum. 21st Ann, R&pt, (1001) 

B'art 'S,. 510.' / / A ; y' jA-’;' 
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anhedral feldspars. These are probably best called oUYin(-bea,rinf>* pyroxene- 
andesites. 

Varieties Y'itli andesitic habit and ninch olivine occur ai IMouiit lMarivel(\s in 
Bataan Province and on Mindanao. In both of these rocks the olivine is present 
as small colorless crystals, in part altered to' red iddinosite. In th(‘ Bata,iK‘s 
Islands and Binangonan, Rizal Province, similar rocks h;iV(‘ a gnmndrnass with 
brown globiilitic glass base. In tbe first case it is filled with mievoHies of fehispar, 
pyroxene and magnetite. 

In the rock from Binangonan the gruniidiTiass is inicrscrl.al hetwcam the 
pbenocrysts, and consists of the same kinds of minerals in smaller (*ryslals with 
intersertal brown globulitic glass as a matrix. Somewhat similar basalts occur 
at Blount Ai'ayat. Pampanga Province. . 

In Lepanto there is a basalt which is dopaiie and liyaial iuagno])hyric, linving 
a few large pbenocrysts of olivine surrounded by small crystals of hyji(jrstheiie. 
The groundmass is itself porphyritic, dopatic, seriate; that is, ])orphyriiic witli 
variously sized, small pbenocrysts, which are plagioclase ami somii olivincx Th<‘ 
groundmass for these pbenocrysts is holocrystalline, atid consists of ])risni<nd 
feldspars, in part with subparallel arrangement (liow structure), also smaller 
prismoid hyperstliene and augite, rounded in form, and partly altered, togctlan- 
with mucdi magnetite. The small ferromagnesiaii minerals occur between the 
crystals of plagioclase. There are also still smaller rounded jjyroxcaios scattered 
as inclusions through the feldspar. 

Basalt from Pagsanjan, Laguna Province, is dopatic, mediopliyric, with few 
rather large clusters of labradorite {AbyAna) containing many microscopic inclu- 
sions. There are smaller pbenocrysts of red altered olivine. Tlie. grouudnuiss 
consists of prismoid plagioclase, with smaller e<|uant anhedrous of augite, 
siibliedrons of altered olivine and others of magnetite, for the most part intersertal 
between the plagioclase, besides intersertal globulitic glass, the globiilites appearing 
to be minute eguant anhedrons of augite, together with minute prisnnn'ds of the 
same mineral. 

Bomewhat similar basalts occur at San Pablo, Laguna Province, and on Alin- 
danao. The first is minopliyric, with small phenocryvsts of augite, fewer of plagio- 
clase, and eiiliedral olivine with partial borders of minute magnetite crystals. 
The second is perpatic and minophyric. 

Basalt from the floor of the crater of Taal volcano- is dopatic, mediopliyric, 
with phenoerj^sts of subhedral, gi*een augite, baving inclusions in zones in some 
crystals; subhedral equant to tabular labradorite (AbaAipj to AbjAnB, zonally 
develope<l; and few^er colorless to yellow olivineB., altered on the surface of ih<J 
crystals. The aiigite and labrodorxte are anhedral toward each other when in 
chisters. The olivine in some instances is partly inclosed in augite, with anhedral 
fm*ms. The groundmass , consists' of 'cubed tal' prismoid plagioclase^ with central 
euhedral/ prismoid mclusiou that has much lower uefractiou, and is isotropic, 
apparently glass. ' The plagioclase prismoids have diverse arrangement. There 
is also 'much equant'* anhedral augite, less magnetite, and probably intersertal' 
colorless glass^ but the microlites are crowded close together', and the, rock xnay be 
holocrystalline, /;4:noiher' variety ''of ;'basait' from'TaM Volcano, is dopatic, medio- 
to minophyric, and byatal:\ 'The'' phenocrysts^ 'of ; plagioclase,' are euhedral and 
anfeedral fragments, with many minute ,'ineluS'i'Ons, ' and ' pockets '' 'U'nd cracks 
filled with groundmass. In oneurystal a; narrow crack is'; filled^, with brown glass 
cmxtaining nq microlitcte, the ^lass of the surrounding groundmass 'is 

«iirteid,wlth then^* flow ih a partly erystalUwd magma, 
and the ^ probable origin obniemporaneous veins. There arc lew 
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plienoerv'sts of olivine and none of augite in the thin section studied. The ground- 
mass consists of equant anhedral augite, much magnetite, less piagiocdase, with 
very little brown glass, scarcely recog-nizable as such. 

Another rock from this region is perpatic, with few small pheiiocrysts of 
plagioelase. augite and olivine, in a groundmass like that in the secoml rock 
deserilied from Taal Volcano, but finer gi*ained. 

Somewhat similar basalts with more olivine and nearly the same type of ground- 
mass occur on i\Iount ]\lariveles and elsewhere in Bataan Province. 

Basalt from Afayon Volcano, Albay Province, is dopatic and mediopbyric, and 
liigbly vesicular or porous. The euhedral, rectangnilar, prismoid phenocrysts of 
lahradorite contain many inclusions of brown glass; the pbenocrysts of green 
augite are siibliedral ; those of colorless olivine are subhedral to euhedral. The 
grounthnass is a dark brown globulitic glass with microlites of thin needle-like 
prismoids of plagioelase, and anliedrons of augite and magnetite. 

Another rock from this locality, is dopatic, minophyric, with many pheiiocrysts 
of augite and colorless olivine, and few of plagioelase. The groundmass is like 
that of the rock from IMayon Volcano, just described. 

A basalt from tlie quarry near San Pablo, Laguna, is quite different 
ill texture from most of the others yet collected. 

It is saccharoidal, perpatic and minophyric, with small pheiiocrysts of olivine. 
The groundmass is holoerystalline, vdth microlitic cavities. It is chiefly prismoid, 
or bladed plagioelase in subparallel arrangement (flow structure), much anhedral 
olivine and augite. in small crystals. The olivine and plagioelase are in part 
anhedral with respect to each other, the olivine having begun to crystallize first. 
Magnetite occurs as minute anhedroiis within the olivine, but mostly as iiitersertal 
and poikilitic anliedrons, partly surrounding, with rounded surfaces, plagioelase 
and augite, as the last component, or the chief eutectic component to end the 
crystallization ; the intersertal orthoelase being the last feldspatliic constituent 
to crystallize, probably synchronous with the magnetite. 

Basalts from Miudaiiao differ somewliat from those already described 
from Luzon in being richer in ferroinagnesian minerals, and in having 
plagioelase slightly less calcic. 

One basalt from iVindaiiao is dopatic, mediopbyric, and seriate; ivitli many 
subhedral pheiiocrysts of olivine, but slightly altered, and with inclusions of 
magnetite. The groundmass consists of much anhedral augite, some anhedral 
olivine, less magnetite, and prismoid plagioelase about equal to the ferromagnesian 
minerals in amount. The composition of the plagioelase is not readily determin- 
able, but it is* as calcic as andesine. There is a small amount of colorless matrix 
with lower refraction, which may be glass, 

A similar basalt from Mindanao occurs with smaller phenocrysts (minophyric) 
of olivine and augite. The groundmass is similar to that of the basalt just 
described, but is partly altered to a zeolite, or opal. 

Another basalt from Mindanao is porous, and like the last in habit. The few 
small' phenocrysts are, olivine, labradorite (AbgAi^i)? s-ud pyroxene, in part hypers- 
thene. The groundmass is chiefly pyroxene, with anhedral magnetite, and rod-like 
crystals of 'what, may, be ilmenite. . ' : ■ - 

Still another , basalt Trom',M,indanao is perpatic, mediophyric, ' with few' pheno- 
crysts'of labradorite. , Xbe' groundmass, eonsists; of euhedral prismoids of labra- 
'dorite, , equant anhedrons ' oft augite^., and; eq[uant; subbed, rons^ of , olivine, in an 
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intersertal matrix of globulitic glass. The glass and crystals are in nearly equal 
proportions, and the average diameter of the crystals is about 1 millimeter. 

Somewhat similar basalt with much globulitic glass in the groundmass occurs 
on Palawan Island. 

On Masbate some of the volcanic rocks differ notably from most ol; 
those found elsewhere in the islands, in that they appeal’ to contain higlier 
amounts of potash, wliicli shows itself in ortlioclase, mica, and what was 
probably originally leucite. It is possible that related rocks will be found 
in other parts of the Archipelago when it is more thoroughly explored. 
These rocks have undergone considerable alteration ami their exact com- 
position is not readily determinable from the sections studied. 


The rock from about 2 kilometers southwest of Aroroy is dark-gi'ay, sempatic, 
mediophyric, and seriate; the diameters of the phenocrysts varying from 5 milli- 
meters to less than 1 millimeter. They are chiefly euhedral twinned augite, 
greenish with faint pleochroism, from green to yellow; clusters of eqiiant colorless 
crystals, and some isolated euhedrons of a mineral which appears to be leucite, 
possibly altered to analcite, as it does not exhibit birefrigencc. There are some 
small phenocrysts of plagioclase, partly altered and probably alkalic, or calci- 
alkaiic* The augite phenocrysts are zonally developed, with ‘Iiour-glass” structure 
in some cases. They contain glass inclusions and small crystals of magnetite. 
Surrounding the phenocrysts, especially the augite, there are dark clusters of 
minute crystals that extend to various distances into the groundmass. They are 
needles and minute prismoids of augite in subparallel clusters. In places they 
seem to be granulated, or coarsely globulitic. With these prismoids are mingled 
opaqiie needles, or blades of what appears to be limonitc; but from their resem- 
blance to similarly shaped and arranged blades of brown mica, present in closely 
related rocks of this locality, they may be paramorphic mica. They are in sets, 
or groups, of parallel prismoids, often at different angles in the matrix, or in 
fern-like arrangement; a set of minute, parallel blades being crossed by a 
larger one like a stem. 

The cluster of colorless minerals have the form of leucite crystals, are euhedral 
to subhedral; and in some cases rounded. Some carry minute inclusions, centrally 
located, less often zonally. In several finer-grained varieties of the rock there 
are minute, imperfect, skeleton forms, characteristics of leucite- The groundmass 
consists of indistinctly outlined, clouded feldspar, possibly ortlioclase in part, 
besides products of alteration- In the finer-grained variety the prismoid and 
needle-like alkalic plagioclase is more distinct. There are prismoids of augite, 
and groups of parallel needles or blades of pale brownish, pleoehroic mica. , 

Another rook from about 1 kilometer southwest of Mount Bagadilla is like the 
one |nst described in the habit of the groimdmass, is but slightly porphyritic, and 
noh'tatnS" less' ferromagnesian ^ minerals. There are groups of , 'minute blades of 
miea' in , parallel arrangement, and a few imperfect .skeleton forms of leucite. The 
rock i's partly altered- 


The rock lrom,‘;ilie;, ^uth side" of, the Guinobatan Biver, south of' -Mount Baga- 
dilla, is an altered rock like the one just described. A coarser-grained variety 
from the locality last mentioned is slightly porphyritic, with shreds, or blade% 
of light brown mica' in diverse arrangement, and with a matrix of clouddd 
.Tt forms ^ the' leucitic rocks just described. >nd 

1 k 

J M ' i » ^ ' -I, ' j / ' 
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2. COAESER-GEAII?ED IGNEOUS EOCKS. 

Byenite . — A medium to fine gi-ained rock occurs about 1 mile east of the vSiiinmit 
of Ivlouiit Aroroy on Masbate. It is non-povpliyritic and consists of rectangular, 
prismoid to equant, anhedral feldspars, that are to some extent twinned in the 
Carlsbad manner, are cloudy orthoclase, probably sodic. Their arrangement is 
diverse. There is a subordinate amount of ferromagnesian minerals in smaller 
crystals included in the feldspars, and also intersertal to them. They are chiefly 
brown mica, partly chloritized, diverse in arrangement,- some magnetite, and long 
thin needlelike crystals of apatite, with also diverse arrangement. There is some 
scattered chlorite, epidote and secondary quartz. 

Another variety of syenite on l\Iasbate from the south side of the Guinobatan 
Paver, south of Mount Bagadilla, is like the one just described in texture, grain, ■ 
and the character of the feldspars, but contains more ferromagnesian minerals; 
biotite in prismoids, or blades; pale green augite, partly replaced by caleite; a 
small amount of wbat appears to be serpentinized olivine; also magnetite and 
apatite. The rock approaches shonkinite in composition, but has rather more 
feldspar than ferromagnesian minerals. These syenites are undoubtedly related 
genetically to the leucitic lavas and are described in connection with them for 
this reason. Other syenitic rocks, chiefly albite, will be described after the 
commoner phanerocrystalline rocks. 

There axe rocks in the collection that are normal gabbros \yitli ineqni- 
graniilar consertal fabric, sometimes called ‘^^granitie/^ and others with 
ophitic fabric, also called ^Vliabasitic/’ They grade through finer-grained 
porphyritic varieties into holoerystalline pyroxene-andesites, and basalts. 
They also grade into diorites and quartz-diorites by variations in the 
mineral composition, just as the basalts grade into pjTOxene-andesites, 
and these into hornblende-andesites and dacites. The extremes of the 
mineral variation, or differentiation in this region appear to be albitic 
granite and albitic syenite on the one hand, and peridotite and possibly 
pyroxenite on the other. The alteration of pyroxene into fibrous am- 
phibole, uralite, and also into compact hornblende in some instances, 
leads to the metamorphism of some of the gabbros into metadiorite, which 
in such cases is usually recognized by tlie character of the feldspar and 
tlie texture, of the rock. 

Tliere are not sufficient data at hand to determine the relative abim- 
dance of the different magmas and so indicate the composition of the 
average or ^^pareiit” magma. It appears^ that the coarser grained, in- 
trusive rocks have attained a higher degree of differentiation than the 
extrusive lavas, but this may not be the actual fact, and further study of 
the region may modify this conclusion. 

The best known active volcanoes are erupting lavas, but are not ex- 
tremely differentiated. The modern lavas are not all alike, and some of 
the older ones are highly differentiated from the probable parent' magma, 
as, for example, the dacite oii Corregidor and. the leucite rock on Masbate, 

' ^ The gabbros, with consertal, inequigranular fabric vary from 
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those with near! 3' equigraniilar feldspars to others with, iiiiersertal tahric*, 
due to the abundance of smaller crystals between the larger ones. Theia?. 
is thus a transition to seriate porphyritic fa])rie, and the texture of 
holoerystalliiie andesih^s. The similarity oC the eompoiuait minerals also 
indicates a genetic relation behyeeii these ('oars(;r grained roedvs and tln^ 
extrusive lavas in this region. Some of the freshest examples in tlu* col- 
lection will be described. 

An olivine-gabbro occurs in river gravel at IMoutalban. It is nuxliuiu to coa.rst‘ 
grainedj inequigraniilar, coiisertal; and consists of labradorit(‘, (AbAii;.), pabi 
green augite, colorless olivine, and very small amotints of priniury horubleiuU*, 
biotite and magnetite with some secondary minerals locally developed. The 
proportion of feldspar to ferroonagiiesian minerals is about 3 to 1. 

The labradorite is anhedral, without zonal structure, is som(‘\vhat twiniu'd 
according to the three common laws, albite, pericline and (larlsbad; and contains 
a small amount of mimite rod-like inclusions. Tlie augite is anliedral; has a, 
distinct piiiaeoidal cleavage characteristic of diallage; is iwirnuMl, and contains 
rod-like inclusions. The olivine is also anhedral; in places it is intersertal with 
respect to the labradorite, showing its later crystallization. There is a narrow 
border of minute anhedrons, probably amphibole, between the olivine and labra.- 
dorite. The proportion of augite to olivine is about 0 to 1. Primary gretm 
hornblende surrounds augite and magnetite in some places, and light brown biotitti 
in very small amount is associated with the hornblende. The magnetite is 
associated with the augite, in juxtaposition and also intersertal between augite 
anhedrons. The intersertal position of much of the augite, olivine, magnetite 
and primary hornblende between the larger anhedrons of labradorite indicates 
the synchronous ci-ystallizatioii of the ferro-magnesiaii constituents together with 
some labradorite, as the last act of tl\e crystallization of the magma, after much 
feldspar had crystallized. In places this rock is altered, and secondary green 
hornblende has been formed in narrow veins traversing altered feldspar and other 
minerals. This shows the ordinary metamorphism to metadiorite. Olivine-gabbrtv 
similar to that just described in texture and composition occurs in Albay Province. 

A coarser-grained olivine-gabbro of this type occurs in ISTueva Vizcaya, Tlu^ 
labradorite is more abundant, and is about five times as much as the olivine and 
scarce augite. There is no magnetite, but some secondary ampbibolc. 

At Nagcariang,_ at the base of Banahao Mountain, Laguna Province, there is 
gabbro having the same type of texture as that just described. It is wit hem t 
olivine or magnetite, and consists of monoclinic and orthorhomlnc pyroxene with 
some pale green secondary hornblende, and a smaller amount of labradorite. 

At Subig, in Zambales Provinee, there is gahbro with medium' grain, inc(|ui- 
granuiar, seriate, consertal fabric, composed of approximately' 5 parts of labra-* 
dorite' and' 1; of 'pyroxene, without olivine or magnetite. There are some stout 
Triamoids of," labradorite surroimded by ^equant anhedrons of the same mineral, 
:;Somd'of ,the pyroxene 'is irregularly 'shaped, relatively 'large anhedro'ns partly 
' ''surrounding labradorite, while O'ther ^:pyroxenes are intersertaPto' the feldspar, and 
somoareisinallAuli^drons, All of the, 'pyroxene' is. uralitized, 

A medium-grained gabbro occurs in Benguet. Its fabric is inequigranular 
consertal, with rectangular subhedral prismoids of feldspar and pyroxene in 
diverse arrangement. The feldspar ^nd ferro-magnesian minerals are ih nearly 
^ lequal pTOporirons. The feldspar is labraddHte (Ab^^ng), without zonal structure. 
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]»yr<)X<:‘ne iK in su])he(lral stout ])risinoids. und is pale iuiydtc* with com- 

pletely altered ortliorhombic pyroxene in smaller amount. The aiigite is also 
partly iiralitized. hiagiietite occurs in rather large suldiedroiis. There is a very 
small amount of anhedral quartz., intersertal to the other minerals. 

On t.lrande Island., Suhig Bay, there is norite, or gahbro rich in hypersthene. 

It is line-grained, inoquigranular, coiisertal, and .some varhdies are distinctly 
sco’iate uith a sligiitly intersertal fabric. The feldspar and ferro-magnesian 
minerals are in nearly equal proportions. The feldspar iii lahradorite lAluAiihl. 
The pyroxene i.s mostly hypersthene; sonic crystals exhibiting laminated inter- 
growlli with monoclinic pyroxene. Green hornblenfle forms borders about some 
crystals of hypersthene. The magnetite i.s anhedral and partly surroiiruLs labra- 
dorite and hypersthene with curved forms, as a, synchronous and also a later 
crystallization. In the variety of the rock with intersertal fabric, the smaller, 
intersertal crystals are lahradorite, pyroxene, hornblende and magnetite. The 
relative positions ami shapes of the minerals indicate that while there was 
synchronous crystallization, lahradorite was the iirst to begin, then pyroxene, 
and lastly magnetite. This rock has the same mineral composition as some of the 
pyroxene-andesites in the neighboring region, and the larger crystals are about 
the size of the phenocrysts in many of the.se lavas. 

A very fine-grained norite occurs on Palawan, having the composition approxi- 
mately of 50 per cent feldspar, 40 per cent pyroxene, 10 per cent magnetite. The 
fabric is nearly equigranular consertal. The lahradorite is anhedral and somewhat 
larger than the crystals of pyroxene. They contain small inclusions of euhedrai 
pyroxene and magnetite. The pyroxene is mostly hypersthene. in nearly equaiit 
subhedrons and rounded anhedrons. 

Clabbros witli opldtie fabric ‘u^iich are sometime.? called 'Tliabased'*' 
(loierite, or pliaiierocrystalline basalt, occur in mimerous localities in tlie 
Archipelago, but most of t1io.se already' collected are more or less decom- 
posed, or inetamorpliosed. They are characterized by prismoid, or tabular 
plagioelase, with <]i\x>rse, less often subparallel, arrangement; and by 
poikilitic, or intersertal, pyroxene that acts as a matrix for the feldspar, 
Tliey grade into varieties in which the intersertal matrix is formed of 
several crystals of more than one mineral, as in some basalt. 

The ophitic gabbro, or dolerite, from Malirong Falls, Leyte, is ophitic, and 
seriate, with about equal amounts of feldspar and ferro-magnesian minerals. The 
plagioelase is altered. The augite is in part poikilitic, and is colorless in thin 
section, with a purplish outer zone. There is considerable magnetite which is in 
part intersertal between the crystals of augite and feldspar. There are some 
chloritized, or serpentinized, crystals wdiich may have been olivine. They are 
stibhedral in form, and quite abundant. 

Other rocks of this kind occur in gravel in the Baliiiag Biver, Bulacan Province; 
some varieties being coarse-gi'ained, others extremely tine-grained, they also occur 
in the river gravel at :Montalban. A dolerite, from Angono, Rizal Province, has a 
fabric related to ophitic, and consists of rectangular prismoid plagioelase in 
diverse arrangement, with much less abundant aiigite, in eubedral and subhedral 
'.prismoids, and also in. anhedrons intersertal to the feldspar crystals; the augite 
,Is colorless ' with a, brownish oiiter zone. Magnetite occurs in relatively large 
'sfceletondike' anhedrons. .There are some serpentine pseudomorphs of olivine^ ^ and 
' considerable ' chlorite. ' ■ ^ y ' ' 
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^letadiorite, which appears to be metajuorjhiosed gabbro, is of rrequciiL 

occinTenee. 

That from Malitbog, Leyte, is mediimi-gTained, inequigranular and conserta], 
and consists of labradorite, without zonal structure, and green hornblondc, ]><>ib 
compact and fibrous. 

Another metadiorite occurs at Subig, Xaizon. It is medium to line grained, 
inequigraiuilar, consertal, and slightly intersertal. It consists of zonal labradorite, 
with a marginal zone of more alkalic plagioclase and some intersertal areas of 
graphic quartz in alkalic feldspar. The pyroxene is sublieclral, and is completely 
utilized. There is some secondary compact amphibole, and considerable magnetite. 
The rock is an altered quartz-bearing gabbro. 

Dior lies, which are plagioclase rocks characterized by notable am omits 
of primary hornblende, are related to hornblende-gabbro on the one hand, 
and to quartz-biotite-diorite, on the other. ^They may be confused with 
metadiorite, in which the hornblende is not pyrogenetic. 


Near Atimonan, Tayabas Proiunce, there is a medium-grained, inequigranular, 
consertai diorite, which may possibly be hornblende-gabbro. The labradorite is 
like that common in gabbro; wdthout zonal structure, and containing numerous 
rod-like inclusions. The hornblende is anhedral and green, with numerous routided 
inclusions. There is a small amount of mica altered to chlorite. IMagnetite is 
in part intersertal. • 

Hornblende-pyrosene-diorites are found in the rirer gravel at Montalban, Hizal 
Province. They vary in texture from that of normal diorite to that of holocry- 
staliine andesite, indicating that these diorites are coarser-grained intrusive 
andesitic magmas like those erupted as lavas from the volcanoes. 

One variety is medium to fine gi'ained, with inequigranular, consertai, seriate 
fabric, with intersertal portions. The plagioclase is labradorite considerably 
altered, somewhat zonally developed, in equant and tabloid anhedrons. The horn- 
blende is brownish, and anhedral. Uralitized pyroxene is present, and magnetite. 
There is much chlorite, epidote and some quartz. 

Another specimen, which is altered, contains much labradorite, colorless augite, 
hornblende and a small amount of brown biotite and magnetite. Still another 
variety from the same gravel is slightly coarser, with the same type of fabric, 
but with larger areas that are intersertal between feldspar crystals. These inter- 
sertal portions are in part poikilitic, or graphic, pyroxene and green hornblende 
anhedrons.' The inclosed mineral is alkalic feldspar' without striations, orthoclaso 
or albite. In \ some ^ instances the pyroxene and , hornblende are intergrown with 
eacb, other. ' The' augite is colorless and abundant, and iS' not all poikilitic. ' The 
hornblende is 'pale 'green 'to colorless. 


A fmer-grained variety from Sta. Inez, Kizal Province, is seriate porpbyritic, 
with small amount of groundmass. The phcnocrysts of plagioclase (AbtAn*) arc 
rectangular, prismoid or bladed euhedrons and subhedrons, with zonal slriicturo; 


the outer zone being more alkalic. The hornblende and pyroxene phenocrysts 
are anhedral.^ The groundmass consists of rectangular prismoid and equant 
euhedral plagioclase^ with some anhedral quartz, and a small amount of alkalic 
oidhoekee* .There hrqwniih^greqn horp^blende in the ground- 
chiidtarysts'of feldspar. There is a small 

is a fine^gtAihed hoirnblende' 






roxene-andesite. 
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Diorites licli in liornblende occur in Cebu. One from the Island of Palawan 
corresponds in general texture to the fine-gi-ained norite already describd from 
this island. Its fabric is consertaC anhedral, equigranular, or nearly so. It 
consists of nearly equal amounts of labradorite and brownish-green hornblende. 
Witliin the feldspar are smalb euliedral inclusions of hornblende and magnetite; 
and within the hornblende anliedrons there are small anhedral inclusions of 
feldspar and magnetite. 

Quartz-dionies occur in different parts of the Islands. 

At Antamok;, Benguet Province, there is medium-grained quartz-diorite, with 
inequigranular consertal fabric. It consists of plagioclase and considerable 
brownish-green hornblende, anhedral with respect to each other, but euhedral 
toward quartz and orthoclase. There is some altered biotite. In places the 
orthoclase is intersertal to poikilitic, with inclusions of plagioclase and hornblende. 

Another quartz-diorite from Camarines Province has the same texture as that 
just described, but there is less hornblende, and more quartz. The jdagioclase 
is probably zonal andesine, with the outermost zone more alkalic. 

Other quartz-diorites have been found near Talisay and in the Loboo Mountains, 
in Batangas Province, on Masbate, on Lepanto, and elsewhere. 

ISTear Sara, Iloilo, there is quartz-diorite wMch is more or less porphyritic and 
forms a transition between non-porphyritie fine-gi-ained quartz-diorite and holo- 
crystalliiie daeite. One variety is fine grained and slightly porphyritic; that is, 
perpatic, the inconspicuous phenocrysts, about 5 millimeters in diameter and less, 
being plagioclase. The groundmass, or chief portion of the rock, is inequigranular, 
and consists of euhedral, rectangular prismoid and equant plagioclase, zonally 
developed; with euhedral, long prisfiioids of brownish-green hornblende, and con- 
siderable magnetite; together with anhedral i)oikilitic quartz and orthoclase, which 
form about 15 per cent of the whole rock. There is a small amount of spliene, 
intersertal with respect to the plagioclase, a very uncommon mode of occurrence. 

Another variety of this rock, which appears megascopically to be medium- 
gi’ained and non-porphyritic, is in fact dopatic inediophyric ; that is, there is 
much groundmass between the medium-sized phenocrysts. It is hyatal. The 
phenocrysts are, euhedral, rectangular prismoid plagioclase, subhedral and some- 
what rounded quartz; euhedral prismoid hornblende and relatively large subhedral 
magnetite. The groundmass is mierograjxhic, quartz and clouded alkalic feldspar, 
probably orthoclase. There is some secondary quartz and zeolite filling what were 
possibly micro! i tic cavities. 

On Masbate there are piorphyries intermediate between porphyritic 
quartz-diorite and liolocrystalline daeite. 

One variety, from the Guinobatan district, Aroroy, is raediophyric sempatic and 
seriate, with wide range in the sizes of the phenocrysts. These of plagioclase are 
euhedral, with' Jagged outline due to the interference of the crystals in the 
groiindmifss.' They are 'notably zonal. The ferro-magnesian, phenocrysts have been 
completely chloritized, , and were mica, and 'possibly hornblende. 'The groundmass 
consis'ts of . smal'h pla^oclase and' "a .matrix,, of much quartz, - bbth , euhedral and 
anhedral, ' with /some Aotthoclase.lbtersertal between" the quartzes. 'There is 
magnetitein small/ amount. ■’ 

''Another- porphyry , from' 'the west' of 'Bujman Bay, Masbate, is mncli like that 
' jusi' ' ^escribed . ' Similar r'oeks , ' oeeur in Befiguet. ' ' ' ' 
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Gruniie is rather an nnconimon rock, so lar as present observations 
and the few bodies of granite known are somewhat metamorphosed, <u‘ 
altered. 

That found near Paracale, Ambos Camarhies, has a gneissoid O^xturc, is mediinn 
to fine grained, and consists of white feldspar and (piartz and darkgreen ehloritized 
mica, ft is ineqidgTannIar, with eqiiant aiihedral feldspar and (piartz crystals, 
with smaller amounts of intei-sertal anhetlroiis of the same minerals, besides 
chloritized mica and epidote. The feldspars art* ortludase, and less oIigocIas(‘ or 
alhite. Tliere is considerable quartz. 

The granite at Mambeilao has been slieared to a thinly laminated gneiss with 
on a small scale. The ortlioclase and aU)ite lie as anhedral 
blocks in a matrix of smaller eciuant anliedrons of quartz and orthoclase, with 
shreds of muscovite, having pronounced fluxion struetiircf. 

Perkloiites occur at various localities on Luzon in association with 
gabbro, and probably some pyroxenite. They are mostly altered to ser- 
pentine. 

On Grande Island, Siibig Bay, there is medium-grained periodite with consertal 
fabric. The component crystals are anhedral, and consist of pale-green augite, 
and faintly pleochroic hyperstliene, colorless olivine, some green hornblende inter- 
serial with respect to the otlier ferro-niagnesian minerals, and some plagioelase, 
at least as calcic as lahradbrite. The two kinds of pyroxene are iiiterlaminated in 
some crystals, and some Ipmerstheiie is ppikilitic with plagioclase inclusions. 
There is no magnetite. 

Another peridotite quite similar to that from Grande Island, occurs at Malitbog, 
on Leyte. It contains much partly serpentinized olivine; also some <lark brown 
intersertal mineral in small anhedrons, which appears to be garnet. 

Highly serpentinized peridotite occurs at Mambulao^ Caniariues Prov- 
ince^, and also in llocos Norte^ in Albay, and elsewhere. 

In llocos ISTorte there are chlorite rocks; some with epidote, others witli 
mtiie, actinolite, mid muscovite. Their origin is not at present known. 

On Mindanao there is a laminated;, sheared rock composed of fragments 
of hornblende and. pyroxene, without feldspar, jvhich appears to be shoared 
pyroxenite, , ' . ' ' ' ■ 
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THE STUDY OF MANILA COPAL. 


By PaT'L C. Feeek. 

(From ihe Bureau of Science, MarAla^ P. /.) 


The eliemieal laboratory^ assisted by the botanists of tlte Bureau of 
Science^ lias for some years past been engaged in the study of minor 
forest products^ as time and materials permitted. Some of this work 
has already appeared in several papers on resins and wood oilSj chief 
among wdiich have been those on Manila elemi.^ 

Probably the main article of export of this nature from the Philippine 
Islands is Manila copal, the Spanish term almadga for many years 
liaving beeirloeally applied erronfoiisly both to it and the tree iVoni which 
it comes. An expedition from this Bureau, as early as 1903, while 
aseeiiding Mount Pulgar in Palawan, camped on the side of the moun- 
tain at an altitude of about 850 meters, in the midst of a magnificent 
forest composed almost entire!}^ of a growth of Agatliis alia (Lam.), 
from which tree the copal of commerce is derived. We observed fresh 
resin, sometimes in large masses, on the sides and in the notches of the 
trees wherever they had been wmundecl, Init what Avas especially interest- 
ing, on digging along the roots of several especially large vspeeimens, 
we observed not only fairly large masses of fossil resin eontiguousTo them, 
hnt small drops or masses of copal which had exuded from the smaller 
radicles extending deep into the ground. It appeared probable that 
all of these exudations were derived either from radicles which were 
dying oi* which had been injured in some way, perhaps by the bites of 
‘insects, ' Nevertheless, this' observation led us to 'the conclusion that 
it is /not, by any ‘means certain that, injury' must always precede the 

' * 'Clover, 'A, M.‘ '.ThiMppiue Wood.Cils. , This Journal f Bee, A ,(1906), L 
;Tlie Terpeae Oils' of Manila Biemi. (1907), 2, 1. Baco,n, Raymond F, ‘Plulippine 
Terpenes and Bsbntial Oils, I. Thu Journal, Bee, A (1908), 3, 49; Rhilippine 
'Lerpenes and ^RSssentlal '0,ils, 'fll., ’(1909), 4, 93;, Phillppme Terpenes ; 'and Essential 
'Oils, IV ;(, in, press)',. ItMtoond‘,''Oeorge ‘,'F. RMUppine 'Turpentine. ^ 'jE'ditofeal: 
Thu Journal, Bee, A (1909), 4, 23L ; 

9519SL'h"'': c/' ';v^' I 
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exudation of tlie resin, although Mr. Eicliinoncl, in siil)Soq iient eareihil 
inTestigations of the trees, concluded that sucdi must he the case. 

The study of aiiiorphoiis bodies, such as resins, udiiili in ])y tar th <3 
greater part yield only amorphous decomposition products, is natural I 3 ' 
attended with great difficulty, and coiisctpiently ilio ])uhli('atioii ol* the 
results from this laboratory has been delayed for a long time. Tlie 
work was begum by Br. Peno 3 'er L. Sliorman, and continued by Mr. 
George F. Bicliinond and Mr. Eenjaniin T. Brooks, the botanical work 
being by Br. F. W. Foxworthy. 

Manila copal is for tire greater part composed of amorplioiis resin 
acids, with but a small proportion of a neutral, amorplions solid, which 
is left behind on exhaustive treatment with alkalies. It is this latter 
body’ which darkens rapidly on melting and wliich, in all probability, 
is the cause of the deepening of the color of the resin when it is lieaied 
for varnish making. The pure resin acids, on heating, do not darken 
very much. Manila copal also contains a, certain, but small percontago, 
of terpenes. It is interesting to note that, ivhereas Manila copal, per 
se, rapidly oxidizes on exposure to the air, the pure acids, as isolated l)y 
Mr. Eichmond, could be redissolved, precipitated, and even distilled with- 
out apparent change, the oxidation iffienomena appearing to take place in 
the original resin. 

Copal gives off carbon dioxide even at ordinary temperaturCvS If it is, 
exposed to the air, and more rapidly in the sunlight. IJiidoubtedlj 
this phenomenon is due to the formation of peroxides, and wliercas it 
may be of importance in the finely powdered substance, it can not be 
of such great moment in the alterations wdiieh take place in the solid 
pieces, as otherwise the latter would have suffered profound changes and 
would, according to the length of their exposure to air, differ markedly 
m their composition and properties, a fact which does not appear fT'om 
the work which has been carried on in this laboratory. Tt is -well known 
that the resin hardens promptly when it exudes from the tree, but Ibis 
effect has nothing to do with oxidation. The small percentage of carbon 
dioxide which passes off at lower temperatures when copal is heated also 
shows that no profound oxidation has talven place. 

The resin acids are therefore present in the exudate as it issues from 
the' tree., The analyses which , at 'present exist give no proof that these 
acids are closely related 'to each other, neither has anything been done 
which can clear up their constitution. . The one crystalline acid, 
forms only a small proportion of , the whole, and although conjectures as 
to its nature are; obvious, much, more work heed's to be done upon it. 

,The' studies. .wMch ''follow show 'Some,' advances' on' the' present ' methods 
of producing oleoresmous v^rtushes by outlining the means by which 
prepared ai temperatures, and 'they show the 'way '''by 
yrhich the local trade *could .Supplied with satisfactory varnishes made 



THE ALMACiGA TREE: AGATHIS ALBA (LAM.) 


By F. W. Foxwoetoy. 

( From the hotanical section of the Biological Laho-ratomj, Bureau of Science, 

Manila, P. 1.) 


The almaciga tree. Agailiis ana (Lam.), vas first described at length 
by Eumphiiis ^ under the name of Dammam alia AThieli is merely the 
Latin form of the Malay common name “Dammar puii.” In 1I'86 
Lamarck - gave a review of liumphins’s work, using the name Dam mam 
alia. In 1803, Lambert” figured and described as Pirns danimara 
specimens of the same tree from Amboina. In 1824 he adopted the 
name Dammara oricnialis. In 1807, Salisbury* proposed the name 
Agathis in place of Dammara, calling his plant Agathis loranthifolia. 
Other names wliicli have been given to it are Alics dammara Poiret,® 
Agathis dammara Eieh.,® and Dammara rumphii Presl.^ 

Agathis is one of the nomina conservanda of the Vienna Botanical 
Congress of 1905. Tlie name of this species, therefore, is Agathis alia 
(Lam.). This combination seems to have been used, since B. C. Jeffrey, 
in an article on ''The Wound Eeaetions of Brachyphyllum,”^ uses the 
name Agathis alba without comment. 

Warburg” maintains that this species is an aggregate form and he 
proposes to separate the following: 

A. dammara (Lamb.) Eich., the South Moluccas. 

A. labillardicri Vi a.vh., Amboina (?) or Waigu (?). 

A. regia Warb., the Moluccas, Batjan and the small island of Pula 
Defeat. 

A. magrostachys Warb., Java and Sumatra. 

‘Herbarium Amboinense (1741), 2, 174, pi. 67. 

‘Encyolopedie (1786), 2, 269. ■ 

®A Description of the Genus Pinus (1803), 1, pi. 38. 

* Tram. Linn. Soo. (1807), 8, 311. 

' Eneyolopedie. Supplemaat (1817), 5, 35. 

* Commentatio botanica de Coniferis et Cycadeis (1826), 83, t. 19. 

’Epimelte Eotanicse ( 1851), 236. : 

, ‘AfW.'Bot (1906), 20 , 887, ' ■ ' . 

•Monsunia (1900), 1, 182-185. . ) 

' ' ' ■ ' ' ' ' ' ■ -173 
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A. rhomhoidalis Warb,^ tlie Malay Peninsula. 

*1. deccarih Warb.^ Borneo. 

A, bornee‘nsis Warb.^ Borneo. 

A. pJiilippincnsis Warb.^, the Philippines. 

A. cekhica (Koord.) Warb.^ Celebes. 

. 1 . motleyi (Pari.) Warb.. Borneo. (Since credited to PodorarpusA 

Differences in size and shape of leaves, size of staminate and pistillate 
cones, and appearance of the resin are made the basis of this division. 
After comparison of fresh and dried material of A. pliilippinonsis, A. 
beccarii, A. borneensis, and a study of material of ,4. celebica kindly 
loaned me by Dr. Treiib, I am convinced that these four species at any 
rate should not be separated from the original A. alba. The tree is a 
very large one and material taken from different parts of the same 
individual shows a wide range of variation. A single Philippine tree 
will 5 deld material to fit the descriptions of A. dammara, A. philip- 
pinends, 4. celebica, 4. beccarii, and 4‘. borneensis, as given by Warburg. 
I have studied the Philippine and Bornean trees in the field and they 
are identical in habit. Doctor Beecari also considered 4. beccarii and 
4. borneensis merely varieties of 4. alba. 

Described differences in the appearance of the resin may be due to the 
different seasons of collection, or to the different age of the samples 
collected. While by no means prepared to say what is the status of 
the genus in other parts of Malaya, I can see no reason for supposing 
that there is more than one species in the Philippines, or that it is 
other than Agathis alba. 


This is closely related to the Kauri, Agathis robusta (Moore) Warb., 
of Australia and New Zealand. Other species of the genus are found 
in Few Caledonia and Fiji. 

The almaciga is a very large tree, growing to a height of from 50 to 
60 meters and, to a diametei-, breast high, of more than 2 meters, with a 
clear length of SO meters or more. The. bark is rather smooth and of a 
grayish color. ^ It is a centimeter or more in thickness and contains 
numerous longitudinal resin canals. The tree has an altitudinal range 
of from 150 to 2,000 meters above sea level, attaining its best develop- 
ment in the Philippines on well-drained slopes at 600 to 1,500 meters 
above sea level. It is known in the Philippines by the following 
Almadga (Spanish) ; Udyangao (Visayan) ; bunsog, Uiao 
(Igorot); few (Bagobo) ; galagala (T^gslog) ; ladiangao (Bicol) ; 

(Fegrito). ' 


The distribution in tho Philippines is as follows; Island of Luzon, Provinces 
of Cagayan, Lepanto, Benguet, Zambales; Bataan, Camarines, Sorsogon, Albay. 
m is abundant on the of ^ Mlndori^ Fegros, Palawan, Sibuyan, andMin- 

i on Wbiob lagt-nainodfisland it in known from Misamis, Davao, and Zam- 
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boanga. It is probable that it is more widely distributed than is shown by onr 
collections. It is found in the extreme north of Luzon and in the most southern 
islands of the group. 

This tree is the source of ahuaciga or Manila copal^, which is a con- 
siderable article of export from the islands. The alinaciga seems to 
be the only product of this tree which is used. It is employed locally 
for incense in religious ceremonies. The resin is found in the limrk, as 
alread}'- indicated, and it oozes out wherever the' bark is cut. Oc- 
casionally, lumps of hard resin ai*e foiiiid in the forks of branches and 
sometimes the so-called fossil resin is encountered in masses in the ground 
at the base of the tree. The gathering of the resin is the principal 
occupation of some of the Taghanuas of Palawan. 

The dipterocarp resins are not gathered to any considerable extent 
in the Philippines; consequently, there is not much likelihood that the 
resins of the Dipterocarpacece will be mixed locally with Manila copal. 

Doctor Beccari met with this tree on the upper slopes of Mount Poe, Sarawak, 
lie says^^ that the resin collects at the foot of the tree and forms stone-like 
masses. There he heard it called ^‘Dammar claglmf^ or ^'fiesh-resin/' and con- 
sidered it to be one of the best resins. 1 collected specimens from the tree in 
the same locality as Doctor Beccari and found the Land Dyaks teimiing it ‘‘Dama 
himlang.” I did not see any of the deposits at the base of the tree, but I learned 
that the Land Dyaks make a business of collecting the resin from the tree. I 
found one tree which had a ladder on it made by driving pegs at intervals of about 
1 meter and tying saplings to these. This, I was told, is a common means of 
enabling the dammar hunter to get at the clear lump resin which is found at 
the forks or on the branches. 

The Sarasins describe the same method of collecting AgafMs resin in Celebes 
and say that the bark is also cut into to produce a flow of resin. 

Loo. cit. 

Reisen in Celebes (1905), 1, 182. 




MANILA COPAL. 


By Geoege F. Ercir:\roxD. 

(From the Chemical Laboratory, Bureau of Science, Manila, p. J. 


CONTEJ^TS. 

j\ rani la copal. 

The chemical examination of Manila copal. 
Oleoresinoiis varnishes. 


IXTEODUCTIOX-. 

This investigation was undertaken with a twofold object, first, of 
clearing up the considerable confusion which exists throughout the liter- 
ature and in commerce with respect to the origin, inode of production, 
commercial grading, and physical and chemical properties of this com- 
modity, and, second, with the hope that some light might be thrown 
upon the chemistry of the art of its most important use, namel}^, varnish 
making. “'‘^Manila copal, so called because of its similarity to the true 
copals, as an ingredient of oleoresinous varnishes is a leading minor 
article of export the Philippine Islands, approximating 200,000 pesos 
($100,000 United States currency) in value annually. 

It appears in the Quarterly Summary of Commerce under the term 
“•'almaciga,” which is a Spanish name meaning ‘''^giirn mastic,’" a resin 
oE entirely different character produced by Fistacia leniiscus Linn, in 
Spanish and other Mediterranean countries. Almaciga is the only 
resinous product exported from Manila and is identical with the Manila 
copal of commerce. 

GEOGBAPHICAn OBIGIX. 

According to Wiesner,^ Manila copal is a collective term used com- 
mercially for medium-hard resins from the Sunda, Philippine, and 
Molucca Islands, which show by their properties that they posses a 
common origin. Hence, Celebes, Singapore, Borneo, Philippine, and 
Bast Indian gums are Imown to varnish makers, and all of these in point 
of geographical origin may be included under the collective term of 
Manila copal. 

' Die Kohstoffe des Pflaixzenreiolies. Leipzig, "2d ' ed. QSOO), t, 28,4. , 

L , ^ - . ' ' ^ ' ' ,177 / 
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BOTANICAL ORIGIN. 

Coiiiparatively little is known regarding the source of the Manila cojial 
of coninierce except that it is undoubtedly of vegetable origia and is 
collected in Malayan regions. So far as the Philippine resin ‘odinaeiga'’ 
is concerned^ it is produced by a large coniferous tree^, Agathk alba 
(Laiii.)^ and Foxworthy ^ has shown that an individual of tiris species 
of Agaihis will furnish botanical material to fit the description of Agaili cs* 
dammara Eicli. of the Moluccas^ Agaihis celebica Warb. of the Celebes, 
Agaihis heccarii and A. hornccnsis Warb. of Borneo^ and Agaihis jildlip- 
fineiisis T\"arb. of tlie Philippines^ thus combining live of the nine separate 
species of Agaihis proposed by Warburg*^ and it seems reasonable to 
assume that a comparison of botanical material of this genus from other 
Malayan sources would further limit the botanical origin of Manila copal. 

It is thus seen how the prevailing custom of naming a natural product 
after the various localities where it is collected or after ports of shipment 
would tend to obscure the fact that the Manila copal of commerce^ whether 
coming from ]\fanila or elsewhere;, has a common botanical origin. 

AGATHIS ALBA (LAH.). 

Bolanical description . — The Manila copal tree attains a height of 50 to 60 
meters and a diameter of 1 to 2 meters. The bark is thick and smooth, the 
wood is light colored and contains numerous resin cavities. The leaves are oveate- 
lanceolate to elliptical in shape, 2 to 12 centimeters long and from 1 to 4 centi- 
meters broad, mostly opposite on the twigs. The cones are often 10 centimeters 
in diameter. The optimum development of the tree is variously reported at from 
350 to 1,500 meters above sea level. 

Distribution. — ^The species is found widely distributed throughout the Philip- 
pine Archipelago from northern Luzon to southern Mindanao. It is known to 
occur in the following islands and provinces: Lepanto, Zambales, Bataan, Cama- 
rines, Sorsogon, Negros, Palawan, Davao, and Zamboanga. 

Bistinctmi from dammar resin , — Manila copal is freipiently con- 
founded with true dammar. 

Bidley'^ speaks of "'dammar minyald' as a large, coniferous tree {Dammara, 
orimtglis Lamb.) which grows in the hills of Penang, Perak, etc., of the Malay 
Peninsula. 

Wiesner/ in referring to this subject^ says : 7 

During my sojourn in Java and Sumatra I had ample opportunity to see 
‘ Dm^mara^ orimtaUs and its 'products and I' can positively aMrm that the 

''ifesin is/notidentical with the dammar resin of commerce. t The product of Dam- 
\arimMu Lamb, compares with no known resin better than, with the Kauri 

^'The Almaeiga Tree. This Beo. A (1910), 5, ,173. 

*Journ. Asiat. Bog. BtrmU, Burmah 92. 

m ' y, 


hy all authors as a synonym of Agathis 
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xVccordiiig to Tsehircli,® commercial (laminar from the Malavaii Archipelago h 
very probably derived from dipteroearpous and not coniferous trees. 

As indicated by Livaehe," Manila copal and dammar show widely different 

physical and chemical properties and could not possibly be confused. 

& 

niPtnSITIES OF COmiERCIAL EESIX. 

The lack of unifoiinity of the commercial product is largely responsible 
for the objection to Manila copal which exists among certain classes 
of consumers. Probably in no other industry does success more largely 
depend upon the quality and unifonnity of the ingredients than in the 
manufacture of Amniishes. The unscientific foundation upon which the 
art of Yariiish making is based has hut to be realized to have appreciated 
the importance of this cjiiestion of uniformity. Where opportunity has 
])een at hand to note the primitive methods of collecting and grading 
varnish resins which prevail in this part of the worlclj it is easy to 
understand the difficulties to be overcome. 

At least four natural orders of resin-producing treeS;, namely, dip- 
terocarps, conifers, Burseracecc, and Guttiferm, are found widely dis- 
tributed throughout the Malayan region, and their products are 
siniultaneoiisly collected, graded, and shipped to European and American 
markets. Therefore, it is not surprising that resins of widely varying 
properties and consequently of different values for a given purpose should 
become accidentally or intentionally mixed. 

Formerly the coinmeree in ^^Manila copal,’'’ so far as eoneeriis the 
Philippines, was largely in the hands of Chinese traders, who shipped 
directly to Borneo and Singapore, where the resin was undoubtedly 
largely mixed with dammar and similar products derived from these and 
other Malayan sources before being graded for reshipment. 

Even at the present time, 50 per cent of the Philippine exportation 
of this commodity reaches the consumer via Singapore. The remaining 
50 per cent of the present local exportation is graded and sorted in 
Manila to meet the demands of American varnish manufacturers, to 
whom it is shipped directly ; but all collecting is done by wild hill tribes, 
and it frequently happens that a considerable admixture of dipterocarp 
resins is encountered by the Manila sorters. 

Hence it is seen that' the, varnish manufacturers must depend largely' 
upon 'the different 'systems of sorting and grading as practiced by oriental 
shippers, and they in turn are dependent, upon the indiscriminate mixing 
of '' good, bad, and' indifferent varieties m practiced by the native col- 
lectors. ' The securing of a uniform quality or kind 'of varnish resin is, 
therefore, a; matter of difficulty.^ 

' * Die 'HaTM md, IdarzbeMlter. , Leipzig (mOd), 4S4. 

, ^ MaBufactiire of' Varuishes. . 'lioadon,; 2d ed. (1^08), S'3. : 
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MODE OF PFODECTIO^^ 

Eavfnil resin. — At least 50 per eeiit ot ilie Mauila eoiiJii expoi’Led from 
ilie Pliilippiiies at the present time is collected in the Davao disirid 
of Mindanao and probably 90 per cent oC tlai resin produced in this 
region is obtained by blazing living trees. The best results arc secaircjd 
by Teinoving strips of bark about 1 meter long and 20 to 50 eeiitiniciei's 
wide from dillereiit sides of the tree, thus oltoring clean siirja('es Joi* 
the resin to deposit as it exudes iro}ii the cut edges ot the bark. 

Another method of tapping practiced by the native colIecLors, wliicli 
makes no provision for a clean surface upon which tlie resin may deposit 
and consequently gives a product which is generally mixed with chips 
and barkj consists in hacking a wedge-shaped ])laco in the trunk of 
the tree. 

The resin ilrst appears as almost colorless tears^ wliicli soon harden on 
their outer surfaces. As the exudation continues^ the fresh rosiiq instead 
of iiowing out over the first portion produced, appears to force the latter 
outward by depositing ]}eneath it; that is, the outer surface is always 
hard and friable. C(>nsequen%, the hardening process is extremely 
slow, and the size of the lumps of hardened resin collected is depend ent 
upon the length of time it is allowed to form. In this manner it requires 
about two weeks to produce pieces of solid resin of marketable size. 
Mo reliable information is at hand with respect to the quantity of recent 
resin which is produced by a single tree in a given period, or regarding 
the eSect of seasonal changes upon the rate of production, although the 
native collectors state that the resin fi.ows best just after the rainy season. 
The tapping or blazing of much longer areas of the ti’ce trunk, as is 
practiced in Borneo, would undoubtedly give a much largei* yield per tree. 

MINEEAL EES IN. 

In distinction from the recent gum obtained as above described, the 
living trees have another way of producing commercial resin. Wlien 
excavations are made so as to expose their roots, deposits of hardened 
copal possessing very similar chemical properties to the artificial i^esiri 
are frequently encountered. The origin of such deposits is not clear, 
although'it is well known that, cutting nr otherwise wounding the roots, 
as well as the; stems, of living trees also induces a flow of 'lesim In Few 
Caledonia' the following method’ ^of producing kauri copal from different 
Species' of, A§^alAfe'was;formerly employed: Large pits were dug ainder 
'the trees and 'Chfeinade on 'the exposed roots. The ''excavations were then 
carefully covered over and allowed td ill with resin, which hardened in one 
or two months into Hocks. . This method of production is also to some 
exteht practiced m tlie’.ThiHpptn^a smd it furnishes a resin which' at first 
is muddy in mht and cdteSatendy.hflt; which hardens in about two 
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iiiontiis and tlieii iias nuicli the apptr^aranee of the iiatnniiiy fonried 
mineral product. I can not explain the formation of resin not produced 
bv intentioiial wounding of sterns or roots of Ii\ing trees. 

Miquei ® states that the resin of Dauimara alha Lain, ilows from the 
steins and collects on the roots in large lumps which are often washed 
away by streams and not infrecjuently are carried to the seashore in this 
maimer. I have never seen large masses of resin on the stems or roots 
of an almaciga tree above the surface of tlie groimcl. Mr. Ciirraip of tlie 
Phili23pine Bureau of Forestry, reports that he has seen large stalactitic 
masses of hardened resin hanging from liigly, broken, or split brandies of 
this tree. A continuous exudation and subsequent falling of resin from 
stidi a source offers a possible explanation for the occasional finding of 
considerable masses of resin on or below the surface of the ground near 
living trees. 

The theory has also been advanced that cracks in the roots may be 
caused by the pressure of accumtilated resin. It seems very unreasonable 
to assume that the tree would as a physiologic process excrete a material 
so rich in hydrocarbons, which must play an important rble in its life 
processes. On the other hand, it does seem very reasonable to believe 
that an injury from whatever cause -to the bark of branches, stems, 
or roots is the true explanation of any deposits of a resinous nature 
which may be found in the ground near the roots of living trees. It 
is very conceivable that the bark of the. roots is sensitive to seiioiis 
attack from a iinniber of sources, and it is undoubtedly true that the 
sticky, water-resisting nature of coniferous exudations in general affords 
a natural protection from the causes of vegetable decay. 

IThile present methods produce a limited quantity of very desirable 
mineral resin, they are extremely primitive and not adapted to general 
extension. The ground about the tree is first loosened with a holo or 
long heavy knife, and then scooped out with a coconut shell. Wlien a 
sack Ml, about 3 arrobas (34.5 kilos), of crude resin is secured, it is 
carried down the mountains to the nearest seaeoast town where it may be 
disposed of by sale or exchange. The imcertainty of the supply and the 
laborious and time-consuming nature of the work, makes this method 
of collecting mineral resin rather unprofitable and irregular. 

Occasionally, deposits of resins are found by digging out a decayed tree 
stump or bj prospecting small openings in the forest, where surface 
indications suggest that one or more trees once stood. As for the pros- 
pecting for' resin where there are no surface indications of, former forest 
growth, I am inclined to think that it is seldom if ever practiced. There 
are no denuded forest areas at the altitude of optimum development of the 
Philippine almaciga tree, such, as" occur in New, Zealand where the most 

' « Mora vau,HederIaudsich luUie. Buppleroeiii (lap), L,,86.,,, . 
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valuable grades of fossil Kauri resin are found. Tliat tlic Plnlippiiie 
forest regions do contain widely distributed deposits of mineral resin, 
irrespective of existing alniaeiga trees, is hardly to he questioned, but 
their isolated distribution and the extreme uncertainty of the work makes 
it very improbable that they will ever be extensivdy exploited. 

COMMEECIAIi GRADING. 

All Manila copal exported from the riiilippines directly io the United 
Slates is cleaned, sorted, and gjuided in Manila. In this regard, partic- 
ular attention is given to cleanliness, color, and sixcc 

Cleanliness is probably the most important valuc-delei'niiniiig fiicior. UUie 
resin, oven tlic most approved method of blazing trees and care in laaiioving 
the hardened product, contains adhering or embedded fragments of bark, chips, 
and leaves, vhich are the despair of the varnish maker and which are very 
difik'nlt to remove without materially diminisliing the size of the On tin* 

other hand, the mineral resin is not nearly as liable to be conl.aniinal('d with 
vegetable matter, and only requires to be ebipped or scraped fre('. r)f surface 
impurities of a mineral nature. 

— Manila copal, as it comes to the gimlers, is extremely variable in respc'ct 
to the size of individual pieces. I'his is due to its very friable cliavacler and (he 
methods of collecting and handling, and the cleaning opci'ations furtlier incrcasa 
the proportion of the smaller grades. 

Thus, there are shipped what are known as dust,* pea, nut, thumb, and Urst 
or bold chunk sizes; and to prevent further <livision in subsequent handling and 
storage the resin is now shipped in wooden packing cases 76 by 44.5 by 45.70 
centimeters, and holding 90.718 kilos (200 pounds) net weight per case. 

Color . — The recent resin is always pale yellow in color. The mineral resin is 
usually reddish-brown, although it is sometimes found in light amber shades. 
Keeping in mind cleanliness, size, and color, several grades in mark(*t value arc 
produced, ranging from No. 1 (first quality), consisting of ligiit-colorcd, clean, 
bold pieces to the poorest quality consisting of dark-colored, dirty dihst. 

Commercial itscs.~~~Th.e resin is almost exclusively used commercially in varnish 
manufacture, largely as an ingredient of oleoresinous varnishe.s, to a less extent 
as an ingredient of spirit varnishes. The solution of the resin in alcohol dries 
'Tat’" or opaque, hence it can not be employed. Manila copal also emters to some 
extent into the manufacture of sealing wax. 

Other uses to which it appears suitable arc for the manufacUive of cheap soaps 
and paper size. Like common colophony, it dissolves for the greater pavt in 
alkaline solutions, forming resinates of soda or potash wdukdi possess considerable 
detergent properties. 

Aqueous solutions of the alkaline resinates are precipitated by solutions of 
all other metallic salts, e. g., aluminum sulphate, in the form of an insoluble 
resihate %vhich could be used in paper manufacturing to render the paper noii- 
bihulous. 

THE OHEHIOAL EXAMINATION- OE MANILA COPAL. 

Tschiieh and Koch® examined two , specimens of resin {Dawkmctfcv orientalis 
Laiub.) obtained from a firfii of copal washers in Mainz, Germany, who guaranteed 
thenh to be genuine specimens of commercial Manila copah The first specimen, 

, (190B), 240/20A 
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designated as soft, geographical origin not stated, consisted of nut-sized lumps 
of a yellowish-red color and completely soluble in alcohol. The second specimen, 
designated as hard, was from the Celebes and consisted of larger lumps than the 
first, clear yellow in color, and only partially soluble in alcohol. Both samples 
possessed practically analogous physical properties, but varied in their chemical 
constants as follows: 

I. IX. 

Acid value 134 118 

Saponification value 190 165 

By applying Tschirch’s method of the proximate analyses of resinous siibstauees, 
which consists in dissolving the crude resin in ether and e.xtracting successively 
with 1 per cent of ammonium, sodium, and potassium carbonates and subjecting 
the residue to steam distillation, they obtained the following results for the two 
samples in question: 


Soluble in sodium carbonate 


Insoluble in sodium carbonate \ 


I. II. 


Per cent. 

Per cent. 

Soluble in ammonium carbonate 

4.0 

— 

Insoluble in ammonium carbonate 

75.0 

80.0 

Etherial oil 

6.0 

5.0 

Residue 

12.0 

12.0 

Water 

2.0 

2.0 

Undetermined 

1.0 

1.0 


100.0 

100.0 


From the above tabulated data it is noted that the hard and soft marked 
varieties of Manila copal have the same composition within the limits of experi- 
mental error of analysis for this class of substances, with the one exception that 
the soft, alcohol-soluble variety contained a small proportion (4 per cent) of acids 
which were soluble in a dilute solution of ammonium carbonate. 


Aside from mimeroiis reports on the physical and chemical constants 
of Manila copal which have appeared thronghont the literature and in no 
instance of which are any botanical identifications given, the work of 
Tschirch and Koch constitutes all that is recorded coheerning the con- 
stituents of /Manila copal/^ 


The two marked varieties of ^Manila copal/" namely, recent surface 
and mined resin, were obtained from the Manila Trading and Supply 
Company, the largest local graders and e^eporters of this commodity. The 
samples ,were taken directly from sackjS of ungraded provincial shipments 

of knoitp s . ; , ^ ‘ 

eapaa Davao, gmd consisted of |»ley Icmon- 

yellow of aanb and thtimfo graded 4s It 

w^as incompletely soluble in absolute alcokoi^ leaving grayish, gelatinous, neutral 
residue which dmd to a brittle, ^ whs d^ult, to pulv^ii^ 

attd possessed no wali-deined 'point,, bust sbw mi 

sticky ^ ‘ . 
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titrating directly witli seminormaL alcoliolic potash in the presence of 
phenolphthalein gave the folloTving nnmbers for a mixed sample: 

Milligrams of potasli 
for 1 gram of resin. 

0.8704 gram rqiiired 4 cc. potash .128.1) 


0.0834 gram required 4.5 cc. potash 
0.9762 gram required 4.45 cc. potash 
1.1934 grams required 5.45 cc. ^ potash 


128.1 


127.0 


128.1 


Average 128.1 

Individual pieces gave direct acid values varying froni 120 to 130. 
Saponification values were determined by dissolving approximately 1 
gram of the resin in 50 cubic centimeters of absolute alcohol^ then adding 
25 cubic centimeters of seminormal alcoholic potash, and lieating on. a 
steam bath with a reflux condenser for one hour and titrating tlie 
excess of potash with seminormal alcoholic hydrochloric acid. The fol- 
lowing nnmbers were obtained. 

■N 

1.0452 grams required 0.6,6 cc. — potash 

' ' ISf 

1.1074 grams required 7.0 cc. — potash 

'N 

1.0522 grams required 6,06 cc. ~ potash 

y ■ 0-0232 ; ^am ''required;;' cc, S. potash 

Average , i , 177.8 

Somewhat higher saponification values were obtained by digesting 
with an excess of alcoholic potash for longer periods^, and iiulividual 
pieces of the resin showed variations of 20 units in. the total amount of 
potasli required when digested for a given period. 

The vrineral res m,— The second variety was Irom the Island of Palawan. It 
consisted of brownish'ydlowq irregular masses^ varying from those of the Arst 
size to large, angular pieces of 1 to 2 kilos in weight. It was easily ground to a 
fine powder which %vas completely soluble in alcohol. Its direct acid and saponifi- 
cation numbers, taken from an average, of four separate determinations of a mined 
sample^ were 112.5 and 150,6, respectively. Individual pieces of the mined resin 
gave direct acid numbers ranging from 100 to 120 and complete saponification 
nnmbers from 140 to 160. 

For the purpose of further comparison, four samples of resin of the 
follovring deseriptipiiB were selected from a sack of unsorted copal : 

’.1, Yery- brittle, nearly white, bold piece. 

' /2, T^^Vy brittle, dark'' bmvn, bold piece. 

Tery pliable, dearly wMtCi irregular mas^s. 

; 4.; ;Teiy plraMci dark brown, Trregirlat' ihass. 


Milligrams of potash 
for 1 gram of resin. 

178.4 

176.9 

177.2 

178.3 
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Direct acid and eoiiiplete saponifieatioii determinations in duplicate 
gave the following mmibers: 


Siimple No. 
1 
0 

3 

4 


Acid value* 
milligrams potash, 

109.0 
105.7 

134.2 

131.1 


Saponifieution value 
milligrams potash. 

148.0 

145.3 

154.4 

181.2 


STEAM DISTILLATIOX OF THE CRUDE EESIX. 


Onedialf kilogram of coarsely powdered surface resin was subjected to 
steam distillation, but only traces of a Tolatile oil could be recovered. 
The mineral resin, whieii admitted of niiicli finer pulverization, yielded a 
larger portion of its content of volatile oil. 

A large, irregular mass of the very pliable resin (samples Nos. 3 and 4 
above) also yielded a trace of oil to exhaustive steam distillation. 

Upon the addition of alkali in slight excess of the amount required to neutral- 
ize the resin, and continuing the distillation, from 500 grams of surface resin 
(sorts) there were obtained 6.5 grams of oil or 1.3 per cent; from mined resin 
(bold pieces), 40.0 grams of oil, or 8 per cent; from soft resin (sample Xo. 3), 
56.0 grams of oil, or 11.2 per cent. 


It is seen from the above that the state of aggregation rather tlian the age 
of the resin influences the proportion of volatile oil whicdi can be isolated 
by steam distillation ; the soft, pliable product and the brittle^) bold piece of 
mined copal containing a much larger proportion of volatile terpenes than 


did the small, friable pieces obtained from living trees by artificial means. 
Examination of the volatile oil for possible differences due to the above 
sources was not made. The combined fractions, dried ovei’ solid potash, 
gave a pale, lemon colored oil of very pleasant odor. Specific gravity 

1 qAO OAO 

..=0.865; N5^™=1,4648; A™™=— -26.55. The oil was distilled over 

sodium, the maih fraction boiling , from 155° to 165°, leaving about 10 
p^r cent by volume above 165°. 

The fraction, from' 155°' 'to ,165°,, was converted ’ into a hydrochloride 


which recrystallized fxnm'Aldphol ,'ih (needles' melting at 124° and' which 
was identified as pinene hydrochloride.;, ',;Fpr '''fiirther:,-,etainin«i^ti 0 n; ;C>f'' 
the^ terpehes ;froni''” Manila copal $ee' 'Broojks, ;A" 

(1910), §; 205. , , 

The main objection to Tschirch’s method of examining resinous sub- 
stances is its inapplicability to resins which are not completely soluble in 
ether or some other solvent to aqnaous alkalies. Furthermore, 

^e di;®culty of complete remoVal and of the weak resih icids 

frpxp, their etherial solutionis, ofyarhmonitm and 





4'^ 4 


jae^iod and nnsatis- 

i' ’* . I ' , ' ' 

1 ‘ ^ I ^ f , ’ , . 1 ! / ' . 1 i 



186 


RICHMOND. 


In the case of JIanila copal, which is only partially soluble in ether, 
a much better scheme of analysis was found to be as follows: 


Tlie crude,, mined resin is dissolved in strong alcoliol in Avhicli it is coniiilctely 
soluble except for the varying proportion of dirt and other foreign matter which 
may be present. The filtered solution is then made alkaJine by the aiblii ion of 
alcoholic potash in slight excess, which precipitates a white, Hemigranu]a,r mass 
which adheres to the bottom of. the llask and from which the clear, supernatent 
alcohol may readily be decanted. The alcohol is then removed by distillation 
and the residue taken up with water and extracted with ether. The ctheria! 
extract is dried over solid potash and evaporated to constant weight. The residue 
is a pale lemon colored, mobile oil of terpene-like odor. 

The aqueous portion is "warmed to expel the dissolved ether and aeidificd with 
dilute hydrochloric acid in slight excess, the precipitated resin waslicil free from 
potassium cdiloride and dried under reduced pressure over sulphuric acid to 
constant weight. 

The .semigraniilar resinous mass which is precipitated from the alcoholic 
solution of the original resin upon neutralization with alcoholic potash is treated 
with hot water, in wbieli it is soluble, except for a small proportion of gelatinous 
residue which can not be completely separated by filtration, lilxtractioxx with 
ether in wdiieh the insoluble portion is partially soluble eh'ects a complete me- 
ehanical separation from the soluble alkaline resinate. The ether extract con- 
taining the partly dissolved, unsaponified portion is evaporated to dryness at 
lOO®, leaving a grayiish, brittle, amorphous resin. 

The aqueous portion of the precipitate, insoluble in alcohol, is in turn, washed 
to expel dissolved ether and the resin precipitated with dilute hydrochloric acid. 
The crashed, amorphous resin is dried to constant w’eight. 


One hundred parts of the einde resin treated in this inaaiier gave the 
following : 


Insoluble in absolute alcohol 
Soluble in alcoholic potash 
Insoluble in alcoholic potash 

Neutral oil soluble in alcohol and volatile with steam 
Neutrar resin partially solxible in alcohol and nonvolatile 
with ' steam 

Water/ etc,, undrtermined 


Parts. 

0.6 

40.0 
41.5 

6.0 

10.0 
' 2.0 

100.6 


These results agree very closely with those reported by Tschirch for a 
sample of spirit soluble Manila copal, and confirm his general conclusions : 

(1) That Manila copal consists mainly of am.orphons, free resin acids; 

(2) it contains a neutral reaih^, indifferent to alkalies; and (3) a volatile 

' $o-eall6d hard variety 

eii^fedliate" and was oniy. 
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TIIK RKSIX ACIDS. 

C)yct bO per cent of the crude resin is soliihle in dilute aqueous solu- 
tions of the fixed alkalies and is precipitated as a pale Tellow, aiiiorphoiis 
resinous solid when neutralized. Like the original resin., it has no well- 
defined nielting point, but begins to soften at Idfh and fuses to a clear, 
viscous, ainber-eolorecl resin with slight decomposition at 150°. It is 
completely solidfie in ethyl alcohol and phenol, partly soluble in ether, 
benzene, and chloroform, and very slightly soluble in petroleum ether and 
ligroin. Its solution in absolute alcohol is partly precipitated with 
alcoliolic potash or alcoholic lead acetate in slight excess. 

Tlie alcohol soluble and insoluble potash salts were approximately 
separated in about equal proportions by decaiitatioii of the neutral alco- 
holic solution. The latter was evaporated, the residue dissolved in water, 
and the free resin acid liberated with dilute liydrochloric acid. The resin 
acid thus obtained could not be crystallized. It began to soften at aboitt 
70° and was quite fluid at 100°. It was completely soluble in ether 
and contained an acid soluble in a dilute solution of ammonium carbonate. 

Tschircli and Koch obtained a crystalline acid by extracting an ether solution 
of soft Manila copal with a 1 per cent solution of amnion him carbonate, to which 
he assigned the formula bused upon elementary analy.se^j, molecular weight 

determinations, and analyses of its potassium salt. The acid crystallized from a 
mixture of ethyl and methyl alcohol in needles. Its melting point was 175® 
and a 2 per cent alcoholic solution gave a rotation of 2° 24h 

From Kauri copal {Danunara australis) he obtainecP^ a crystalline acid in 
the same manner which melted at 192° and which gave a rotation of 2° 24h Its 
analysis and melocular weight corresponds to the composition CioHi^Os- 

To obviate the tediousness of repeated extractions with 1 per cent 
ammonium carbonate tvhicii Tscliirch experienced, the etlierial solution 
of the resin acid was shaken with a large excess of 5 per cent ammouiiun 
carbonate solution in a lO-liter bottle on a motor-driven shaking machine 
for several days. A vent through the stopper of the ]>ottle allowed of 
equalization of the pressure. Complete extraction gave 4 per cent of 
an acid calculated on the amount of the original resin. It was precip- 
itated in an amorphous form when the ammonium carbonate solution 
was acidifi^- i tos dissolved in dilute alcoliol, fromAvhich it crystal- 
lized npon ‘long standing in the’ cold in needles. The' recrystallized acid 
perfectly white and melted 'at '185° To ,187°. In addition to the 
'Solvents', of:'; the crude' resin 'acids, The crystalline acid is also completely 
'soluble in 'etber> bentsene,^, 'methyl ,'aloojhnb chlorofoim. ' . 

' . , , di,, ' 209 ?;',, : : , '■ r . ^ 
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(. ‘oml motions of tlie substance (lrie<l at 100^ itiuvc tlie results: 

L 0JS20 gram substuiiee gave <).47.S;J gram ('( b and b.ldST gram 11,0. 

II. 0.231)3 gram substance gave 0.15202 gram ('0» and 0.1 S23 gram JI„.0. 

IIT. 0.320} gram substance gave O.SeOlt gram OO,. and 0.2") 10 gram IbO. 

TV. 0.2202 gram siibstanct' gave 0.15020 gram ('(b- and 0. 13(515 gram lljlb 

V. 0.205S gram .substance gave IK.^ITO gram (Mb and D.lVOo gram Jldi. 


Calculntcd 
for CioHi;,Oe, 


Found 

per cent. 


Per cent. 

I. 

II. 

UI. IV. 

V, 

0=71.85 

71.6(5 

71.58 7 

1.66 71.72 

71.8.5 

H= S.98 

0.06 

9.13 

9.00 9.03 

9.17 


(/ryoscopic determination of the crystalline ‘ acid in glatdal acetic- ac-id gave 
molecular weights as follows: 


Weight of 

Weight of 

Depres.'sion of 

(lukmlated 

solvent. 

substance. 

freezing fK»int. molecular weight. 

25.9380 

0.171 

0.150 

170.5 

25.9496 

0.138 

0.118 

1 74.9 

25.4211 

0.1686 

0.150 

171.5 

25.4211 

0.093 

0.0S6 

1 (55.0 


Average 


170.5 


Tiie basicity wa.s determined by titration of an alcoholic solution of llje 


N 

acid with alcoholic potash in the presence of ])henolphthalein. 

WilligraniM of potash 
for 1 gram of acid. 

0.5 gram recpiired 29.5 cc. potash 331 

ISf 

0.6745 gram required 39.5 cc. pota^sh 332 


therefore 56,1 grams of potash would ncutrali;^e 1(59 grains of acid. The acid is 
therefore monobasic. A 2 per cent alcoholic solution in a, 20 cubic centimeter 
itibti gave a rotatioirof -f2.7°. 


Tile Teeiciuej after coinplete extraction witli, amTnoniuni carbonate to 
separate &e -crystalline aekl, was converted into its jiotassi lun salt in 
; psnal/ manner. , 'Every /conceivable means to inducts - crystallisation was 
tried, but without success. The potassim and sodium salts ap])(nir as 
microscopic needles upon the addition of solid potash or soila to an 
aqueous sohiiion of the resinate^^ but they were too hygroseo])ic to allow 
of complete pimtication. The alkaline earth and heavy metal salts of the 
acid are amorphous. ■ ' . * 

«Th0‘^wehtary aualyaea of wiia recorded in this paper were made by 
Wt, IllaclaiiO apistant pr<^fessor of ehendstry in the philip- 

iJne y , v 
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('oiii1)Usti«tns of the iioin'-rystallirio aeid. ivini^roii as lljroiiL£|i 

its potassium salt, ji’ave tlie following rosiiits. 

I. 0-2100 gram substance gcire 0.5SG8 gram CC:, anJ O.ISIO gram ll/'L 
II. 0.2072 gram substance gave 0.5559 gram CIL and 0,1 OS 1 gram ILO. 


OalculaU‘fl for 

IVr cent. 

72.02 
H= 0.30 

IMuleeular veiglu- : 

Wciglit of s< )] vent Weight < >f 

acetic acid. .substance. 

25.4001 0.2134 

25.4075 0.1302 

25.3034 0.1445 


Found per cent. 

r. II. 

73.U1 73.13 

0.19 0.07 

Molecular weight 
Lowering. calculated. 

0,075 377 

0.050 353. S 

0.001 300. 


The determination of the basicity gave the following numbers: 

Milligrams of potash 
for 1 gram of acid, 
isj’ 

1.0466 grams substance required 28.9 ee. ™ alcoholic potash 155.3 

N 

1.0113 grams substance required 30.4 ce. alcoholic potash 15»5.0 

whence o6.1 grams of potash would neutralize 301 grams. Therefore tiie acid 
is monobasic. 

niSTILLATtON tTADER REDUCED PRESSURE. 


One attempt at distilling the low-melting, amorphous acid was made 
under a pressure of 3 to o millimeters; T5 per cent came over between 
240° and .275° witli but slight decomposition. Tlic clear, amber-colored 
distillate was dissolved in aqueous potash and extracted wdth ether which 
removed a small amount of oily hydrocarbon. The acid recovered from 
its potassium salt possessed the same properties as before distillation; 
with a pressure of 1 millimeter or less it may be possible to distill 
this acid entirely unchanged, and this offers the most promising method 
of getting the substance sufBeiently pure for a study of its constitution. 

EESTN INSOLUBLE IN ALCOHOLIC 1H)TARH. 

The semigramilar mass wdiicli was thrown out of the alcoholic solution 
of the original crude resiii;, upon the addition of aleoholie potash in 
slight excess consisted of a potassium salt soluble in water, a neutral 
residue insoluble in water, but soluble in boiling aqueous i)otash, and 
a small ■ proportion pi unsaponitiable matters 

Tlie'^ater soluble portion' was precipitated as a white, amorphous 
powder; upon acidification with ^ dilute 'hydrochloric acid. It was com- 
pletely' soluble ijh ethyl and amyl alcohol and aniline and slightly soluble 
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ill etlier. benzene, and acetic acid. It did not fuse under 220° and con- 
tained no substance wliicli could be extracted witli aininoninin carbonate. 


Combustion of tlie diy, noncrystalline substance gave the following lignres: 

I. 0.1817 gram substance gave 0.51o0 gram C.'Oo and 0.1G34- gram llyO. 

II. 0,2114 gram substance gave 0.5970 gram CC)._. and 0.1912 grain 


Calculated for Found per cent. 

Per cent. L IT. 

€=77.11 77.27 77.05 

H= 10.04 9.98 10.02 

Molecular Aveigbt=49S. 

Tbe determination of the basicity was as follows: 

Milbyo'ams of iiota.sli 
per i?rarn of resin. 

N 

1.0045 grams required 20.4 ec. potash 113.9 

N 

1.0567 grams required 21.0 cc. potash 112.0 

whence 56.1 grams potash would neutralize 496 grams of acid. It is thereb>re 
monobasic. 


That this last substance was manifestly iinpuro was subsequently 
shown by the fact that the precipitate obtained by neutralizing an 
alcoholic solution of the dry substance with alcoholic potash was never 
entirely soluble in water. All known potassium salts of resin acids 
dissolve readily in water. The insoluble residue was also indifferent to 
hot aqueous potash, which precludes lactone formation. 

The insoluble resin which was always left behind by this means 
possessed all the properties of the neutral resin which was obtained in 
the same manner from the original, crude copal. It was entirely inert 
to strong alkalis and scarcely soluble in the ordinary organic solvents, 
but entirely soluble in an alcoholic solution of the resin acids. 

In view of the foregoing, no particular importance is placed upon the 
results of the elementary analyses of the substance, or the close agree- 
meut of the molecular weight with that of a monobasic acid of the 
formula as' determined from the potash value. 

' . NfibrEAU BESIN, 


A small portion of the 
solution of the original 
alcoholic potash was also 
and ether, but completely 
^eiapo;qiied 
S |uroj)k)rtion 
perfectly inert to 


MM 


resinv which, was precipitated from the, alcoholic 
’ cbpaj"' when the .latter ',waa neutralized with 
insolnble in water, slightly soluble in alcohol 
soluble in alcoholic solutions of the resin acids, 
by digestion ’witli aqueous potash, leaving ^ 
practically insoluble in all solvents and 

waiffoupd to 

^ the toorphou^ 

analc^ue^ to ' 
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those of t]]e impure, high-melting resin acid obtainetl the portion of 

the original resin insoluble in alcoholic potash. 

The unsaponifiable matter does not melh but chars at once upon tln^ 
application of direct head hence i'urtiier examination of it was not made. 

Too much emphasis {;an not be placed n])on the diffienlties encountered 
in a chemical examination of this class of substances. They are as 
follows: First, their great susceptibility to atmosxdierie oxidation as 
shown by Brooks demands the avoidance of heat and iiiidne exposure 
to air and ligdit ; secondj the tenacity with tvhicli the amorphous sub- 
stances x^i'^cipitated from aqueous solutions retain moisture when dried 
tinder the imposed conditions; tlhrd, the y^ossibility of isomeric forms of 
the same substance; fourth, the tendency of resin acids to lactone or 
other anhydride formation under the influence of heat and chemical 
reagents; and fifth, the conversion of resin acids to neutral, oxygenateil 
bodies accompanied with a gradual lowering in potash value due to loss 
of carbon dioxide. 

SU:WMARY. 

It should be repeated that the experimental results obtained are not 
considered sufficiently definite or extensive to warrant more than the 
general conclusions that Manila cox)al consists essentially of free amor- 
phous acids, a volatile hydrocarbon, a neutral saponifiable substance, 
probably a lactone, and an unsaponifiable resin. 

Contrary to expectation, the free acids appear to bear no relation to 
each other, or to the known resin acids of other coniferous resins. 

It should also be pointed out that the observations concerning the 
resin acids of Manila copal herein recorded do not confirm those of 
Tschireh and Koch for the resin acids of Dcimmam oriental is Lamb. 


OLEORESINOUS VARNISHES. 


In distinction from spirit varnishes, . which are solutions of resin in 
some volatile solvent such as turpentine, benzene, alcoliol, etc., and from 
plain oil varnishes which consist only of linseed or some other drying oil,' 
oleoresinous varnishes contain all the ingredients and partake of the 
properties of both spirit., and oil . varnishes. , 

The ait of making oleoresinous varnishes has undergone n,o important 
changes since therdays pf its first application. It mo, nsists , essentially 
now, as it did four: years ago> in combining resin, linseed, oil,, and 


turpentine in vSuch a manner aS to produce a clear, Iiomogeneous liquid. 
Naturally, the simplest method of preparing such a varnish would be to 
dissolve the resin in the drying oil in right proportions to give the 
desired effects pi el^tidity, and then to dilute the solution 

vrith turpentine, Jyoiatile splvent to a consistency suitable 
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for use. l-Iowever, it has heeii foniid in connnereial praetiee tluit natural 
resins will not dissolve in lanr drying oils. In some instances, a fairly 
clear solntion is profliiced by a little lieat, but almost invarialily tlie 
dissolved resin will either separate from the oil u])on cooling, or it will 
be precipitated upon the addition of turpentine; hence, the pradice of 
subjecting the oil and the resin, both before and after nii.ving, to devatth 
temperatures is almost universal. 

A luief description of the present practice of making oleoresinoiis 
varnishes seems necessary. The following is tlie method aecanali ng to 
Sabin 


Melting the renh ), — The American praetiee is to heat alamt 125 pounds of resin 
at a time in a copper kettle over a coke fire. Wlnni all the lumps are melted and 
the resin is quite liquid, i, e., when it drops from the stirriivi( rod, it is renK)ved 
from the fire, fly this time, wliieli requires about half an hour, from 10 to 20 
per cent of the resin is lost in the form of piingenh irritating, highly iiillammable 
vapors. A thermometer is not commonly used, for the temjierature is nof, so 
essential as the melted feel imparted through the stirring rod. ddie iemperafure 
is seldom below 343® C. when the melting is comj)leteil. The temper-aiure aii<l 
the percentage of loss vary greatly with difVerent resins. 

Adding the oil . — When the resin is all melted and rom(>vod from the lire, the 

linseed oil, made ready in another kettle, is slowly added with constant stirring. 

The oil is previously heated to about 200® V. Of course, if only a little oil is 
to be added the temperature does tiot have much eHeet on the mass, but it is 
eonimon to have the oil hot. 

Cooking the varnish . — As soon as the oil is added the kettle is put hack on 
the fire. Although the mixture appears to be a complete solution, it is not really 
so at this stage, for if a drop of it be removed and allowed to cool the resin will 
separate, making the drop cloudy, and the common rule is to withdraw the 

stirring rod from time to time and let a drop of the mixture fall on a, piece of 

glass, where it cools at once and shows, by its cloudiness that combination has not 
or, by its clearness, that it has taken place. A more approved pratitice is to keep 
a thermometer in. the liquid and heat to a certain temperature for a certain length 
of time, previously determined as the best for the particular varuish which is 
being made. This, ■ temperature, roughly speaking^ is not very far from 200®. 

' :\!PMnnmg do’im 'with — When the oil and resin have been properly 

the kettle< is withdrawn from the fire and allowed to cool somewhat and 


liquid diluted with ' turpentine to standard consistency, 

It will be seen from the above description ol’ Arneruam variiisli nuuni- 
faeture^ which in its main features holds true elsewhere,, iluit the art of 
making oleoresinoiis varnishes rests entirely upon an empirical basis; 
that the r^siilts of pr&cticrt experience in the art of treating and 
Ihe have been handed down through 

pre^at Itaeu without particular regard for the un- 
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siiri'aees. As is well known, ‘■'Alanila copal" is employed almost ex- 
ulnsiveiv in the vaj-iiisli industry and together witli Kauri copal, a 
ciosel\' related product ol‘ the same ,a'enus of tree, enjoys tiic most 
extensive use of all varnish resins. 

In coninion with all other resins cjiiployed for tlie same purpose, 
'Afanila copah'" is almost iiivariahly heated to such a temperature and for 
such a period as to render it perfectly li(|uid. Wbetlser tiie operation is 
termed roasting, fusing, melting, or ruimiiig, the reason is the same, 
namely, to render the resin miscible with linseed oil. Its behavior on 
fusion is therefore, from a. practical standpoint, the most important prop- 
erty to determine. 

Acrrox OF heat upon ”nAXILA COPxVL.'- 

C(m tinned roasting of the p>owdered resin at 100° causes a slight 
darkening in color. 

The recent surface r.esin becomes soinewliat softened, but older, mined 
specimens are not atfeeted at this tem|3erature. Both varieties show 
a veiT appreciable gain in weight oii eontiiiued exposure at 100°. One 
gram of iinely powdered mined resin‘ gained 4 per c-eiit in weight in 
se\'ent\'-t\\'o hours, (loarseiy powdered surface resin showe<l a slightly 
.less increase. xVs both samples contained water and volatile h}'droear])ons, 
a gniin in weight under the above conditions is sigiiificant of quite pro- 
nounced oxidation. 

One hundred grams of coarsely powdered copal w'ere placed in a distilling 
flask and heated cuntinuoiisly for forty-eight hours at a temperature of 100°. 
Approximately 2 grams of water va]jor were eondensod. Instead of the e<iuivalent 
loss in weight the residue showed a sliglit gain. Coarsely ixnvdered resin in a 
desiccator over sulphuric acid, either at ordinary pressures or in a partial 
vacuum, quickly discolors the acid, which in a few days becomes wine red, simwing 
that volatile oi’ganic matter is easily liberatetf under these conditions. 

DKY DIvSTrrXATIOX OF MANILA COPAL. 

Five Inindred grams of coarsely powdered resin were heated in a large 
flask connected with a long condensing tube. Some water and aromatic 
oii was condensed between 100° and 200° as registered by a thermometer 
in' the vapor. 

Considerable care in heating was necessaiy to prevent the sivolleii, 
'semifused miass from passing over into the condenser. Finaliy, the 
Aiiass subsided 'and', boiled gently vvith an occasional liberation of gray, 
nncondeasible vapoip ■ ' Three hundred, and , fifty grams of greenisKyeilow 
oil 'collected' below,, .leaving ,, a' pitch-like, r.esidue, .'ani'ountmg 
'to 30 per 'cent of the origi'nal cpphl. 

The oily distillate was f raetioned ■ a,t 'ordinary pressures without 'apprecmfo'le 
decouafositiou. ■ A / _ ^ ^ ■ 'y 

" ' PIrst 1^0“ id :af<„'reddish oil eoutajumg a little water. 
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Second fraction, 200° to 250°; 13.3 grams of reddisli oil wliieh contaimul no 
water. 

Third fraction, 250° to 300° ; 35.5 grams of greenish, mobile oil. 

Fourth fraction, 300° to 350° ; 101 grams green oil. 

Eesidiie, above 350° ; 9S grains by difference, 

Xtairly 65 per cent oi* the crude distillate boiled betwiu'U 250'’ and 
350^. The properties of this main fraction showed a general agr{M‘nient 
with those of the known diterpenes and it is regardtal as belonging to 
this class of compounds.^”' 

OHAXGES WHICH TAKE PLACE WIlEJ>r ‘^MANILA COPAL’’ TS FUSED IN AN OPEN 
RECEPTACLE 0\'EU A FREE FLAME. 


Tlie .surfaces of the pieces first soften and adhere to each otlier and to 
tlie sides of the kettle. As the heating is contiiuied the resin becomes 
less \'iseoiis and sticky and can readily be stirred^ and, heavty gray vapoPvS 
of a strongly acid reaction are thrown off. During the disengagenumt of 
the steam and acid fumes the semifluid mass froths and shows a tendency 
to rise over the sides of the kettle unless constantly stirred, and sonui- 
tirnes the removal of the flame is necessary to prevent loss in this manner. 
Eventually, the fused mass subsides to a clear, dark, amber-colored 
mobile fluid which boils gently at a temperatnre between 300° and 350°. 
Epon cooling, the solution quickly becomes viscous and finally sets io. 
a transparent, glassy mass which may readily be powdered. 

The copper kettles employed in varnisli factories for melting Manila 
copal become coated with a greenish incrustation wliieli is undoubtedly 
due to the action of tlie acid fumes liberated during the melting process. 

That profound ehemicarand physical changes take place when organic 
matter like resins and vegetable oils are subjected to elevated teinper- 
atures is very manifest. 


A study of the ffnisbed product offers almont insurmotintabhj diHiculties in 
the way of determining its composition, for the varnish is a mixture of complex 
ingredients rendered still more complex by the temperature io which they are 
subsequently .subjected. Ho, better illustration of ibis fact 'can' be cited than the 
results obtained in this laboratory on a sample of varnish mamifaclurotl by a 
welFknown and reliable firm and claimed by them to consist only of rosin mid 
vegetable drying oil and containing no resin oil whatever. Exhau.stive exmuina- 
tiou of the varnisli in question showed concluBively the presence of resin oil, 
which, if not added directly, i$ undoubtedly a product of the procesH of nuinu* 

It would seem that a much better method of attacking the jij’obleni 
oil y^rnish odi^ists 6i the chaiiges which the raw materials' 
of ite maaaufecture would be to study the 

'•> *0111.^*6' possible 

Oil; jftsOii-, ito' tesm the same 
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period at a given temperature separately, or in admixture, the results 
should be coinparable and at the same time the problem would be veiy 
mucli sirnplitiecl. 

tA'illiams examined samples of Kauri and copal not onlv in tlieir original 
condition, but also after being* subjected to tiie melting or ‘‘running'^ proces^^. 
wliieli is used for convening them into varnish. He observed an tippreciable 
decrease in the acid, saponineation and iodine values upon melting. 

Lewkowitscdi determined the constants of the more common varnish resins both 
before and after heating them to 300°. For a reputed .specimen of Manila copal 
he obtained the following results: 


Acid value 

Raw copal. 
127.0 

Fused copal. 
68.21 

Saponification value 

175.17 

136.3 ■ 

Iodine value 

137.9 

133.3 

Per cent iinsaponifiable 

15. 9S 

22.99 

vkowit.scb also observed that the fused resin gj 

lined in weigi 

it upfm healing 


for fifteen hours at 100° and noted that this fact indicates oxidation. 

It was thoiiglit that further study of the changes which take place 
when Manila copal is heated at different temperatures and for periods 
corresponding to the heating which it subsequently receives in the cooking 
stage after the oil is added would be of value. 

Expenmcnk 1. — One hundred and twenty grams of nut and thumb sized pieces 
of mined resin were heated in a porcelain casserole over a free flame with constant 
stirring with a thermometer until the temperature of the mass reached 250^. 
At thi.s point the mass was not entirely homogeneous and did not drop freely 
from the stirring rod. Upon cooling it set to an amher-eolored, brittle solid 
filled with gas bubbles. It weighed 304 grains, a loss of 13.3 per cent. 

Experiment 2. — One hundred and twenty grains of the resin were heated until 
the temperature registered 275°, wh^n the melted mass was a homogeneous, 
mobile liquid which dripped from the stirring rod in free, oily drops. The residue 
weighed 101.5 gi'ams, a loss of 15.4 per cent. 

Experiment 3.— One hundred and twenty-live grams of resin were heated up 
to 300° and the cooled mass weighed 105 grams, a loss of 16 per cent. 

Experiment ..j. — One hundred and twenty- five grams of resin were heated to 
325° and the cooled mass weighed 103.3 grams, a loss of 17.4 per cent. 

The residues from experiments 2 and 3 'were separated into their constituents 
exactly in the same manner as the raw resin was treated, namely, dissolved in 
alcohol, filtered, neutralized with alcoholic potash, and the aqueous solutions of 
the alcohol soluble and insoluble potassium salts extracted with ether. 

FraiU' lO'O parts by weight.' of the fused residues tiiere were obtained 
the f 'dllGfwing ; ' " ' , * ' 

V ' ' Experiments. Experiment, S. 


Dirt and foreign ihatter insoluble in alcohol 


0.36 

0.4 

Amorphous' , resin acids .the', 'pot'assi.uin ' 

salts' 

of 



which, were soluble.' ■. 



42.00,,', 

, 39.5 

Amorphous resin acids the pq^tasaium 

.salts 

of 



which were insoluble in alcohol 



.53.40 : , 

,„ .'52,7 

Keutral oil soluble in ether y . 

'I 


6.00 


Keutral resin by diffeyehee v '' , 'vV",,' 



4/24 

4.0 
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The sauiples of for the above experiments ami for that whit'ii 

was exaiuinecl in the iiiifiised state (S(.'e ]>. ISrl) wt‘re taken Iroiu a- 
large piece of luiiieil resin weigliing aljout kilograms, he(n'(! anr (Tanges 
in the reeorde(il constants are due to tlu^ elini't of heat umho' tli(‘ (con- 
ditions given a])ove. 

Tile saporiiliabie portion, tliat is, the free, aiiiorphoas aeids, were united and 
again heated iii the same manner as in the previous iusions to iheir r(^sp(H*tivi,'! 
teinperatnres, namely, 275° and 500°, and held at those, tmnperatures wiili 
frequent stirring for one hour eaeh, IJotli showed an a]>preeia1)l(‘ loss in wiogiit; 
and the consequent formation of neutral resin oil. 

While resin oil is iniscihle in all preparations with linseed (jil ami is 
considered a good solvent for resin acids, and alihongli it iindouhtedly 
does play some |3art in holding resin acids in solution in boiled oil, it is 
not believed that its formation in such relatively small amounts lia.s any 
important role in tlie manufacture of olooresinous varnishes. 

After the second fusion of tlie tinited resin acids obtained from ((XjHudniotits 
2 and 3, the masses wnre dissolved in alcohol, neutralized with alcoholic potash, 
and separated into alcohol soluble and insoluble iJotassiinn r(tsiaa.t(>s as b(‘for(‘. 
The liberated resin acids behaved in a manner cntirtdy similar to those obtained 
from the crude resin. They could not be made to crystallize, htmce (‘ombustions 
and eryoscaj>ic determinations were not repeated, but tlnn'r melting points, solu- 
bilities, and other physical properties showed no apprceiable a]t(.‘ration. 

The fused acid gave an acid value of 164 milligrams of KOTI, as compared with 
169 to 170 before fusion. 


Differences in the behavior of the fused and unfused resin lU'ids indica- 
tive of profound decomposition or depolymerization w’ere not observed. 

It has been shown that the melted |*esiu differs ffoni the raw I’esln only 
in the amount and nature of the unsaponifiable portion, and iluit the resin 
which enters into varnish manufacture consists essentially of fret‘ acids 
of the same composition as they had when in the original copal. ''l^bciTJ- 
fore, it would seem that any real or assumed reason fo.r subjecting Thci 
oil and resin to elevated temperatures, both before and after mixing, 
should be looked 'for; els'ewhei^e. 

yTynis Bpsjiy'' fob. oleoeesinous VAimtsuEB ovtTiiouT rEsvtous 

'...'k; k':: , i, ' ’ FUSIOH, , 


Owing to the loss of weight and the considerable darkcuhng in color 
which all resins undergo duj^ing the melting process, many attempts have 
beei made to raw' ebpaL}e eolnble in linpeed oil 

Irdm nnmelted Kauri and Idauila copals 
If Which ^ qf nitric acid has been added, 

iiu aiqohof by distillation To make 

. Mm ' : dissolved in .. : a ■ 

''' ' 



'by 

b ^ hUM I'i* , 

1 J/Il * t / ! 
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Andes also refers to the nse of iiiiseed-oil aeids in giving eiaeticity trj spirit 
varnisiies and as a solvent for copals. 

Acting n])Oii the above suggestions and from the kiion’iedge tiiat 
substances of an acid nature such as alcohols, phenols, acetic acib, etc., are 
miieli more efficient solvents for resin acids tlian nentrai bodies like 
Itetroleuin ether, henzejie, or esters, it was foiiinl that oleic, palmitic*,, and 
linoiie acids, either alone or in admixture, dissolved the resin acids of 
Manila copal at moderate temperatures to clear, pale, amber-colored 
solutions wl'iicli remain so in the cold. Hence, an inquiry into the 
nature of varnish oils and the changes which they undergo in the man- 
xifactnre of oleoresinoiis varnishes was considered important in its ]}earing 
upon the subject under disciissiom 

The fi]*st function of a vegetable oil as an ingredient of an oleoresinoiis 
varnish is to serve as a vehicle or solvent to bring the resin into a 
ffiiid condition and maintain it there. 

Any vegetable oil, such as coconut or cotton-seed oil, will fulffll tins 
function, but a solution of resin in these oils would never dry. The 
second function of the vegetable oil is, tlierefore, to provide a solvent 
whieli will dry and thus bind the particles of dissolved resin together in 
a thin, elastic film: hence the so-called drying oils of whicli linseed oil 
is the type have come into almost universal use for this purpose. 

Dismissing the various theories which have been advanced as to 'Svliy 
and how oils dry;’’ with the statement tliat because of their unsat urated 
nature they are capable of absorbing large quantities of oxt’geii and that 
by various means tluy may be rendered more siccatiie or drying, attention 
will be called to the different preliminary troatinerits of linseed oil for 
use in the arts and trades. 

Aecortling to boiled linseed oil }u*odiieed at any tein|,un'atiire below 

230^^ can be used only for the grinding and thinning of paints or fur application 
alone. , The varnish manufacturer requires boiled oil which has been heated to 
at least 270®, so that all the foreign matters contained in the oil have been 
removed, A difference must therefore be made between boiled oil intended for 
paint and for varnish making. By foreign matters, Andes refers to mucilage and 
the yellow pigment to which the color of raw linseed oil is due. 

Weger^^ makes the following remarks concerning linseod-oil '^himcilage:'* In 
the manufacture of oil varnishes “varnish linseed oiP^ is used. By this term is 
understood an oil which when rapidly heated to 280® to 320® does not "breakd^ 
i* e.,,’doeS not, separate nny solid substances. If fresh, raw linseed oil he tested 
by rapidly heating it in a test tube, a 'turbidity generally appears at 250®. 
Ihdinarily, ;CommerciaL linseed oils’ (with the exception of “varnish ''oil which 
'/has undergone some chOmical or meehanicab treatment) almost always show this 
- 'eoagulatidn upon , rapid heating. ; ''k''y; '/ ' ' * 

l^rying Boiled; Oil^ ' and; Solid 'and' Liquid ''Briers, imiidon' ( I'OOl ) , , OS. 

' ' 
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Fein-" considers that the loss of raiiciiago is tlie most important result of 
boiling* oilj as it retards the drying’, or more properly the hardoiiing of the vainish 
film. ■ 

Multleiy^’' on the other hand, found no dilTcrence in the drying prt)por(ies of 
raw liiiseetl oil which had been filtered through c-hareoal, which must retuov(‘ 
dissolved mucilage, since the filtered oil did not '‘break on heal i rig. 

This foreign niatter designated as mucilage or alhtmiin is pnwiMii 
in all expressed vegetable oils, but in sueli relativi^ly small (iiuudilies 
that it seems unreasonable to think its removal to l)e iiie. main reason, 
for the specific treatment to which all raw oil is suhj(‘cied in the prt‘[)a,ra- 
tion of boiled and varnish oils. 


IMiilder'-'^ concluded that linseed oil which had only reacdual the first stage, 
in its oxidation contained free fatty acids. Bauer and JJazure made the saim' 
observation: “A sample of linseed oil four years old which was covered with a 
thill skin, but otherwise eompletelv soluble in ether, contaiiKMl S.9 per emit of 
free acids. Another sample which had been stored in a badly (dosed llask for 
five years contained 12.2 per cent of free acids,’^ Lewkowitseh ““ gives the free 
acid values calculated as oleic acid in weakly and strongly oxidized linseed oil 
as 18 and 28.9 per cent, respectively. The aSid values of some coiiiTnereial varnish 
oils recorded by Fahrion range from ,13.4 to 32.G per cent. According to Sadtler,“^ 
when linseed oil is boiled so as to have lust about 8 per cent of its weight, it i.s 
converted into ordinary boiled-oil varnish, and if it is heated luitil it has lost 
about 16 per cent of its weight it becomes thicker and yields a still varnish used 
as the basis for printing inks. 


Linseed oil contains from 9 to 10 per cent of glycerol, which cor- 
responds approximately to the loss in weight whidi the oil suff'ers when 
converted into ordinary boiled-oil vaniish,, bnt boiled linseed oil also 
contains considerable quantities of glycerol; hence oilier changes involv- 
ing the formation of volatile products besides the hydrolysis ot the 
glycerides and the loss of the glycerol or its decompoBition products, 
acrolein and water^ undoubtedly take place, ''.riie highly inflarnniabh^ 
nMnre;of'the gases which' are given oif when linseed oil is heated indicate 


:'hj%bearhons^':and'. suggest 'more profound ' decompositions than mere 
hydroh’sis. However/ linseed oil is not a very stable compound, cjqiu 
S isting as it does of weak acids in combination with a weak btiso; and 
whether the varnish oil is prepared hj heat alone, or in conjunction with 
added driers such as the oxides of manganese or lead^ which are much 
hasoa than glyeetol^ considerable dissociation must ncccBaarily 
tate ^ ‘Ifp tho'Oaae o| |hh/par®p.araiion of lithographic varnishes a,nd'^ 

in a product which will not, 
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leave an oily v^taiii on paper, the glycerides must praetically I»e entirely 
decomposed. 

Furtliennore, free glycerol is not soluble in cold linseed oil: lienee 
tliat which is formed must be removed, otherwise its .reparation would lie 
at least partly responsible for the elondiness of undercooked varnishes. 

According to Sabin, ^*Eaeb varnish maker has his own secret methods for 
treating the oil, which are probably all about alike. One of the most common 
methods is to heat the oil from 260® to 2SS° for a very short time, which, seems 
to char certain impurities and coloring matter which settle out during the 
subsequent tanking or storing which it receives.’’ 

referring to bleached oil, says that “it is prepared by special process kept 
jealously guarded for the use of varnish makers. It may be prepared by beating 
linseed oil hotter than in the preparation of “boiled oil,” to 260“ to or 

by forcing oxygen through the oil.*^ 

All fatty oils are decomposed above* 250°, below this temperature they 
are little changed, above it the change is greater the higher the temper- 
ature. The products of the decomposition of neutral fatty oils^, drying 
or nondryingj contain acrolein, .a decomposition product of glycerol, 
hence free fatty acids must he formed. It is believed that one of the 
disadvantages of heating linseed oil at the temperature employed in 
varnish manufacture is the liberation of linoleic acid^, wdiich dries more 
slowly than linolein. It would seem that the corresponding amount of 
glycerol produced offers a more logical reason for the claims that oils 
containing free acids remain tacky. 

EXPERIHENTAn. 

One hundred grams of raw Manila copal were boiled with 200 cubic centimeters 
of turpentine, in which this amount is only partially soluble, 100 cubic centimeters 
of raw linseed were then added through the reflux condenser and the heating 
continued with apparently no further solution. 

The experiment was repeated in the same manner with the exception that 
tlie linseed oil contained 25 per cent by volume of oleic acid; upon continued 
boiling a complete solution’' of the resin took place. 

A quantity of the mixed fatty acids of linseed oil was prepared and added in 
varying proportions to raw linseed oil, depending upon the quantity of unmeited 
resin it was desired to dissolve, and it was found that raw or boiled linseed oil, 
containing the free, mixed, fatty acids of linseed oil in the proportions of 10 
to flO' .per 'Cent calculated as oleTc aeid, ..formed homogeneous solutions with raw 
or fused ' Manila copal when' the latter is added in the proportion of 10 to 30 
gallon 'Aamishes and .heated for a tiin.e at a maximum of 200°. ^ When the tur- 
pCntime whS'' added, before the ni!,; the 'boiling point of turpentine, 155° to 165''“',' was 
euS^cientiy ;high.' to, e^ect .OompletO' Wution.wi.th 'the' /.exception of such ''foreign'' 
'ih,a-tter' be present 'in; the; resin. She sUbeefhent 'addition' of, turpentine /to 
:'t?hh oil AM; resin,' , did not, 'prodhee, any' ;<dqudxn^BA',‘ ; ^ 'k’'"';' k 

“Oil (1898)^ 86. 
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CllAiiACTERISTIC'S OF VARNIWII FILMS MADE IN' THIS MAN^AKll. 


Tlie varnishes were filtered hot and allowed to stand in closed jars lV,r 

three inontlis. 

Well-planed strips of native luml wood rvere first .a-i\en one (-naiin.u- ol: 
boiled oil and allowed to dry in a dust-lTee atinospliere. IPiie surhua's 
were then thoroughly nibbed with ground punii(a‘ and the varnislu^'i 
spu’ead with a bnisb. When the first coat was dry, it was in turn scraped 
and pumiced and a second coat ap]rlied. 

ruder the local conditions of heat and moisture, the varnish films 
which contained their ingredients in the proportion corresponding to 
approximately 8, 10, and lo gallon varnishes liave now stood a y(‘ar 
without showing any appreciable loss of luster. They were' completely 
dry to touch and rubbing tests in twenty-four hours, 

\'arihshes made with the proportion of oil corresponding to ’20 and d>0 
gallon varnishes did not dry completely in forty-edght hourS;, and wlien 
dry presented a dull appearance. All thew^arnislies made in this manner 
were exceptionally pale and did not tint or tone the color ol either light 
or dark liard wmods. 

Within the period of observation the films have not sliown any teTid(nu*y ' 
to elieek, as would be expected with a Manila copal varnislp, short of oil. 

A few vaimislies were made containing cZe/iu resin in addition to 
Manila copal. The elemi^® resin used consisted of the residue remain- 
ing when Manila eleini is freed from terpeiies b,y distillation under reduced 
pressure. 

It is a light-brown solid, with a brilliant fracture, soluble in the cold 
in practically all organic solvents including turpentine, and amounts 
to about 70 per cent of the elemi., 

Varnishes made with equal parts, by weight of elemi resin and fused 
iManila copal ''remained tacky, for several days. ^ A varnish containing the 
' resin in'" the ''p'ro|)ortiOn of 1.^ of elemi to 2 of^ eopal dried to a liard, very 
lustrous film in' one Ip two days.' ,'A laboratory 'filing, case of dark, stained 
wmod was given one coat of this varnish, and it has remained brilliant for 
over two years'. A limited amount of this elemi resin appears to increase 
the elasticity? and bidlliancy of a Manila resin varnish without afPecting 
'til# hardness of the film. 

is called to ^ olooresinous varnish pre- 

materials. 
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sistejii'V wjtli tirqjeiuiiie rlistillorl iroiii xha resin o!' Bmigiiet pine “ “ 
{Ph}}iH inxiilaris End].). A well-prepared strip of iv<] narra wo.*h 1 wa^ 
gi^'en two eoats of tliis varni^li, arid it lias remained exposeil in tdie 
iaboratojT for a more than a year without any noticeable loss of dur- 
ahility or lastei*. 

COXCLUSTOX. 

The ehang'es whieli take place daring tlie eookiag of variiisli are 
largely changes in the oil rather than the resin, i. e.. it is possiljle so to 
treat linseed oil, eitlier by boiling or by adding to it linseed-oil acids 
previous to its addition to the fused resin, that it will form a clear, hoino- 
genecais mixture with the latter which will remain so upon cooling, 
withont suhseqnent heating to tem])eratnres greater than to 20rc. 

-This Journal, aS'ox A (1009), 4, 231. 




THE DESTRUCTIVE DISTILLATION OF MANILA COPAL. 


By Benjamin T. Brooks. 

(From the Chemical Lahoratory, Bureau of Science, Manila, P, L\ 


INTEODUGTION. 

The investigation of tlie distillation products of ^laiiila copal was 
undertaken with the hope that some light would be thrown on the chem- 
ical changes accompanying the process of manufacture of the resin into 
varnish. It was expected that the distillation products themselves might 
furnish some clue as to the nature of the substances in the resin. 

The success of modern varnish manufacture depends upon tite ex- 
perience and skill of the operator rather than on a scientific knowledge 
of the materials used. The process of manufacture is essentially the 
same as that described in books printed long before the development of 
modern chemistry. 

There is little accurate information available regarding the practice 
of modern varnish manufacturers. Although the msins used in the 
manufactiu’e of resin oil varnishes are derived from many rliiferent 
species of trees and are of different ages when tliey eorne into the market, 
the process of manufacture is practically the same in all cases. 

In order to make the resins soluble in linseed oil they are heated, 
during which process they loose considerably in weight. The older fossil 
, resins are heated until they suffer a greater loss of weight than the softer, 
more recent ones, but the statements as to what per cent of the whole, 
must be volatilized in each ease vary within wide limits. 

. ^ Scheiblet^ subjected '"^eopa! from Manila'* to dry distillation and noted two 
distinct stages in the process, the first being characterized by frothing and the 
presence of water in 'the. distillate, * 

'y. i l^schirch^ dietiHed Two iSamples’' of' Manila' copaL ' TheTtopcrties of the, harder 
• 'saniple described' by, him ''agree, .'wMl with those cdvthC' 'Tcatenil 'being , stnd'i^ ‘ia 
this laboratory. I' He stat^ that the dry .dlstillatibn^ of '.the, hard 'sam^sle, yielded,'' 
formic, acetic, and snccinic acids among th^ products of decomposition. 
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suggestive of liiiionene, but he was uiialile to isolate the lattei. He (lo(‘s iioi 
state what variety of copal had this property. 

Wallach^ sahjeeted Kaari eo]nil to destrnetive distillation and sin-eeeded in 

isolating pineiie and dipentene. 

L. Sehmrdling “ examined the distillates from Kauri and ;Mauila copals. The 
oils from the latitr resin wcn-e refracdioned, hut no ti'r}>enes noi* any ot thmr 
characteristic deriv'-atives were isolated. Tlie a<jneous portion of the distillates 
gave reactiems for fmanic and acetic acids. 

The Manila copal nsed in these investignlions was h^eleeled from ilu; 
liist and second grades furnished by tlie Manila Trading and ^^u})p]y 

Coin 2 >any. The specific gravity (^i^o) varied from l.OdO to l.OOi. It 

has been pointed out by Tixier that it is iin})ossil)le to assign (hdiniie 
melting points to tlie copals.' l^owdert'd Manila copal soltims sulli- 
eiently qiiiekl}' to run together at about 100°.- The freshly powdered ,n‘sin 
possesses a pleasant, aroniatie odor whicli is probalily due to limonene and 
pinene, as will be shown in the experimental part of this ]>a})er. 

The Ivoettstorfer number/ obtained by lioiling with alcoholic caustic 
potash for one-ludf hour and using phenolplitlialein as an indicator, 
averaged about IbO, being a little higher for the small ])iect‘s and ehi])S 
than for the large lumps. 

A study of the products given off by Manila copal during destructive 
distillation up to the point at wliich the frothing ceavses and the melt 
is quite fluid lias been made. It has been found that the decomposif ion 
takes place in two stages. The fii’st is cliaracderized by much frotlu ug 
and the temperature of the mass rises slowly to about 330°^ when it 
lieconies fluid and appeal's to boil quietly. At this point the loss in 
weight is usually from 12' to 14 per cent of the original sample. The 
soft; -.white pieces suffer a greater loss in weight than the very lurrd 
oiieS; due to the larger amount of volatile oils cemtained in them. The 
-temperature of -the gases entering’ the condenser usually does not exceed 
-^jjtii the tehiperature of the melt reaches about 310", at which 
point resin oil begins to distill over indarge quantities, ddie teinperalurc 


of the gases then quiekly^ rises to about 330® and contimies to rise slowly 
as higher boiling resin oils distill over. High-boiling resin oils are 
' carried over as a heavy mist with the gases whieli arc ra|.)idly 

ffoihred, i,;.,!'/ y h y y'|- 
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The pj’Oiliicts which are given <&f by tlie fused rosin up to are 

resin oih pinene. p pineiie, liinonene, dipentene. caiiipliene, water, forniic 
acid, acetic acid, methyl aleolirT acetone, acetyl foniialdeliyde. formal- 
dehyde, furfiiraldchyde, carbon dioxide, saturated and imsatn rated hydro- 
caihons. and probably acrolein. 

TUE TERPENES COXTAIXED IX :UAXILA COIAL. 

The weight of oil obtained from l,r)0p grams of small ])ieces was bd 
grains, of wdiieh alxnit 1 cubic centimeter lioiled btdow loO^. Aijoiit 

grams of the oil boiled ]»etween 150'' and 178°, but tlie greater ]»art 
of the fraction passed over hetweeii 170° and T7'8°. Owing to the small 
('liiantity of the lower boiling portion, a thorough study of it was not made. 

The presence of liinonene in tlie fraction boiling between 170° anti 
178" was shown by isolating liinonene tetrabromide, a good yield being 

30° 

obtained. The oil showed an optical rotation of A-^=58°.50. The 

low optical rotation is indicative of dipentene, but after several fractional 
crystallizations of the limonene tetrabromide the melting point, 104°., 
was unchanged. The crystals were dextrorotatory. Liinonene nitrosyl 
chloride was prepared from this fraction and identified microscopically.'' 
Crystals of pinene nitrosyl chloride were identified in the same maimer 
in the lower boiling fraction. 

Limonene does not commonly ocenr in coniferous resins although it is fonml, 
accompanied by pinene, in pine needles. I limonene is obtained commercially from 
the needles of Abies alba Miller. Recently Herty and Dickson’'^ found I limonene 
to be the principal volatile oil in the oleoresin of Finns seroiimi Miebx. 

The presence of pinene in Mciniia copal w^as first noted by ^Ir. G. F. 
Eiclmiond/^ who obtained it by distillation with steain„ The volatile 
oil from certain specimens of Manila copal appears to consist almost 
entirely of pinene^ while others sliow a high percentage of limonene. 
The presence of limonene could not be proved in the distillates from 
certain samples^ and if present, it exists there in very small amount. 

As would be expected, individual pieces of the resin vary in the per- 
centage of volatile oils contained in them. It would probably be safe 
to assume that' the* soft, white resin, from which about II per cent of 
terpanes , was 'obtained, is mf comparatively u^'Ocent origin; while the 
hat'd; bi^own; resin containing less volatile oil is mnch older. ^ 'In general* 
yery TatgeAninps contain ;tnore volatile oil than' small pieces. Large 
'pieced' which wbre quite hard nn'' the surface and 'had a tniieh' weathered 
appearance werebfbniid '' tp yiteM;:a$ high': as fi per cent of terpenes. The 

® Chaeby/etim. Am. Boc, 30 * 1475, 
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content of volatile oil therefore does not always indicate the real age 
of the resin. Eesin on the surface and intei^ior of the same piece may 
be of quite different age with respect to the chemical changes which 
have taken place during the ageing process. 

In order to investigate the terpene fractions more tull}^ several 
distillations were made on different specimens. The fractions ])oiling 
between 154° and 180° were as follows: 

Per cent. 


Small, hard, light-colored pieces 3.6 

Large, hard, dark-colored lump with very friable surface 0.0 

Large, hard, light-colored lump 10.0 

Fresh, soft, white pieces 1L2 


The volatile oil obtained from the soft, white material was shaken 
out with caustic soda, dried, and distilled over sodium. The following 
fractions wei^e obtained : 


l.-) 5 O- 1620 . 

1620 - 168 °. 

1680 - 170 °. 

170 °- 180 °. 

Graytis. 

145 

Grams, 

16 j 

'Grams, 

6 

Oniim, 

12 


RcKKlnc. 


C 


The fraction from 155® to 162^ 


consisted largely of pinene. 


It possessed the 
30 ® 


following constants: Specific gravity -—=0.8487; =1.4672 ; =12.10 

The presence of pinene was proved by the preparation of pinene nitrosyl chloride, 
which was identified microscopically. The nitrosyl chloride was then treated 
with benzylamine and the crystalline pinene nitrobenzylamine identified by its 
nielting point, 122®-123°» This fraction was redistilled twice over sodium and 
about 90 grams were obtained which boiled between 155®. 5 and 158® and showed 

ono 

1.4655 ; 




specific gravity —=0.8486 ; 

, always noted in thn distillates from' all the samples that a large portion 
of the terpene fractions boiled from 160® to 165°. The fractions boiling from 
160®" to 170 ® which were obtained from all the samples were united and frac- 
tinned. 

Tho fraction boiling from 160® to 161® was tested for campheno according to 
the method of l^rtram and Wahlbaum,’*® On slowly subliming the mixture of 
fthd vrh|<ih ^ pj^tWd yielded, crystals of isoborneol were 

, a ^antitetive separation of the substances could 

were very .characteristic^ forming 
‘ ' of hexagonal system. They appeared, to be 

a synthetic mixture of isoborneol and 

,, ,:ol;,;|urthfe The <n7stals 

^ 1 1 ^ ' i A I ' '' ' ^ 

ilaii' iil j.< r'l'J' . , As, 
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The fraction boiling between 164® and 166® was tested for d pinene by oxidizing 
with alkaline permanganate in the cold.^" From a sample w^eighing 30 grams only 
a very small quantity, about 0.5 gram, of nopinic acid was isolated, which after 
recrystallizing from ligroin melted at 124® to 125.® About 15 grams of the oil 
wars unacted upon and -was recovered. This was again treated with alkaline 
permanganate and a small quantity of nopinic acid again obtained. 

The fraction boiling from 165® to 170° was tested for pliellandrene, but with 
negative result. 

The fraction boiling from 170® to ISO® was also examined for sylvestrene by 
testing for its color reaction with acetic anhydride and a few drops of sulphuric 
acid. The result W'as negative. An attempt to isolate sylvestrene hy<lrochloride 
from the hydrochlorides of the hydrocarbons in this fraction also gave negative 
results. 

limonene tetrabroniide could be isolated from the fractions of any 
of the distillates boiling from 1*70° to 180° and taken from samples 
yielding 10 per cent or more of terpenes.^** Limonene was found only 
in the distillates from samples yielding from 2 to 3 per cent of volatile 
oil. I hardly feel warranted in advancing any explanation of these facts. 
Dr. P. W. Fox worthy,^"* of the section of botanv, Ihological laboratory. 
Bureau of Science,, is convinced that almaeiga resin is produced hj one 
species of tree only. Wliether certain individual trees of - this species 
produce limonene and others do not, as was found to be the ease with 
Manila elemi/^ has not been determined. Wallaeh^^ believes that liino- 
nene is formed in the plant from pinene in the presence of acids, Ttiis 
question may be taken up more fully at a later date. 

THE GASES GIVEN OFF BY MANILA COPAL DURING DISTILLATION. 

The gas given off by the copal during fusion was collected and analyzed. 
The carbon dioxide in the gas was determined quantitatively at intervals 
during the distillation. Below 330° the percentage of carbon dioxide 
remained practically constant at 92.6 per cent, as was demonstrated by 
repeated analyses. When the temperdture had reached 330° the change 
in the nature of the decomposition was shown by the difference in the 
composition of the escaping gas. Beginning at this point, gas analyses 
made at intervals of ten minutes showed the following results: 

Baeyer and Villlger. Mer. d. dmtsckm chem. GeB, {1896), 29, 22. ; Schinunel 
& Co., Rep. (1908), April, m 

The 'only terpene positively Identified in these fractions was ^ dipentene. The 
fractions were brominated as for limonene and the solutions placed in an ice box 
for fpur days* Only' very ''small yields of '.cry stale "Were, 'obtained,, which, after 
recrystallizing from alcohol and ether, melted at 120°, 

^^This Journal, Bee. A (1910), 5, 

. ^ » CIpvbri Thm A (1907,), '2,* 1 ; Bscon, TMb Journal^ 8eo. A 1 1909) , 

' ' 7 ' . ' ' ' ^ , ' i. . u ; ' y .7 

\ , y"; ,;y 

^ 7' -7' A, , I ''7 i'' i, ' ; ' ' 'A ' 
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Table I, — Anali/scs of the (jascs . evolved after the first stage of ihv cUstilldiion. 


Xnniher of determination. 

C^arbon 

dioxide. 

Unsatiirat- 
ed bydro- 
carbon.s. 

Saturated 
hydro-{fa,r* 
bolts and 
('0. 

1 . 

92. « 




75, 4 

(>. 4 

IS. 2 

„ 

38, <S 

15. 0 

4G. 2 

j — — ^ 

4 . - 

28.8 

14.5 

56. (i 

5 

2K. S 

14.6 

5<;. C 








The total quantity of carbon dioxide given ot! during the iirsi stage 
was determined in another experiment in which this gUvS was absorbed by 
a solntion of caustic soda. An aliquot portion ol; the alkaline solution 
was acidified in, the form of apparatus described by Ilillebrand for the 
detennination of carbon dioxide in carbonate rocks^ the gas being absorbed 
in caustic potash and weighed. The amount found corresponded to a, 
total of 48 grams from 1^500 grams of resin, or 3.2 per cent. 

This amount of carbon dioxide is probably given olf by the dceonipositioii of a 
carboxyl group. The resin oil which distills over wlien the temperature is raised 
consists largely of neutral oils. One sample of resin oil eoutaiiu'd 08 per cent 
of neutral substance. As has been shown by G. F. RiehmoiKP® the original resin- 
ous substance consists almost entirely of compounds of an acid character. Tlie 
ease with which these resin acids lose carbon dioxide is similar to the beliavior 
of abietic acid, which can not bo distilled even in vacuo without the loss of a 
large percentage of that gas. 

The gases given of! during the melting of resins used in varnish making 
are commonly described as having an irritating odor, but are not gener- 
ally considered as being dangerous.- 


Bachem ^ recently recorded a case of fatal poisoning by tbe gases from a 
melting kettle in a varnish factory. He analyzed the gases given ofif by colophony 
andiotmd carbon monoxide in amounts varying from TC-a to 39*0 per cent. 

^ The amount: nfAurboU' monoxide given off'by llanila copal was quan- 
tiMtively 'determined' , by /'absorbing 'the gas in cuprous chloride, in the 
usual manner, care being 'tgken' that the unsaturated 'hydrocarbons were 
previously removed by strongly fuming sulphuric acid. Two sainplcjs 
taken at different stages, shoved 11.4 and 15.5 of oaibon monoxide. The 
prince of this gas was elm shown by killing two white rats with small 
■i and ^a^ining the 4b^rption speehra of samples of their blood 

t addffite [ 0 ^: ^ ^fow'' droip of 'ammonium sulphide. 

^ (cli'Wn. ‘monoxide found in the 

mote 'often noted ' 



Uw^Msi 
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TUE LIQUID PRODUCTS GIVEN OFF DURING TilE DISTILLATION OF MANTL.V 

COPAL. 

Water is evolved coiitiniialiy and smoothly below 330" and appears 
to result from chemical decomposition. Powdered samples dried over 
phosphorus pentoxide or in vacuo o\Lr siiipliuric acid readily yield water 
oji heating’. The aqueous solution obtained from the distillation of 
1,500 grams of resin weighed TG grams. The substances soliiliie in water 
which were found dissolved in the aqueous la 3 ’er weighed about 9 grains, 
leaving 3*1 grani.s for water, or 2.4 per cent of the weight of resin taken. 

The volatile acids detected in the aqueous layer were formic and acetic acids. 
The aqueous solution was drawn off and the oil washed three times with water, 
the Avashing’s being added to the original aqueous solution. The solution AVas 
then diluted to 500 cubic centimeters. Formic acid Avas detected bv the ferric 
chloride test and determined quantitatwely in an aliquot part of the solution 
by the mercuric chloride method." From the amount found the total AA^as cal- 
culated to be 4.0 grams. The remainder of the acidity due to Avdatile acids, when 
calculated as acetic acid, \A"as equiA^alent to 3.1 grams. 

Formaldehyde Avas shown to be present by the Avell-knoAvn reaction Avith milk 
and .sulphuric acid containing a trace of ferric chloride. A previous distillation 
liad shoAAm that ail the formaldehyde AA'^as condensed Avith the AA^ater, so that a 
quantitative determination of it was made in an aliquot part of the solution by 
the ammonia method as described by Williams*^’ The amount found corresponded 
to a total of 1.13 grains. 

The aqueous solution remaining after tlie acids and formaldehyde had been 
determined amounted to 250 cubic centimeters. This was treated in the cold 
Avith 1 cubic centimeter of phenylhydrazine dissoh^ed in Avater and the mixture 
allowed to stand in an ice chest over night. The light, crystalline precipitate 
Avluch separated AA^as filtered, Avashed Avith a little cold alcohol, and dined over 
sulphuric acid. The crude crystals weighed 0.22 gram and melted at 135'’. 
After recrystallization once from hot alcohol and once from benzene, the substance 
melted at 143° to 144°. A combustion was also made on the body: 0.15 L5 gram 
substance gave 0.3960 gram CO 2 and 0,0855 gram H 2 O. 

(lalculated for 


UJ5H16N4, Found 

Percent, percent. 

H 6.34 6.27 

C 71.42 71.28 


'"Trhe crystalline substance is therefore the osazone of acetyl formaldehyde recently 
described by Dennis.^, ■, 

' FnrfutaMehyde was’ detected, in the aqueous .solution by its reaction Avith 
nietaseyladene acetate.^ From the work ' of Aschan on ■ the distillation of AA'ood 
Aar|iehlihe^'«iacetyl and 'Some of its hOmolognes were expected, but Avere not found. 

^ Smnll traces " of other aldehydes are probably present, 'as an oil is fo^nn^, in, 

Smith, Jourti^ 'Am. fi907}, 29 , ‘ , , .,U . . 

^Merl. Zischr, f. fJniersuch. Gmummittet (1908), 16, 386. 

Am. ahem, Boe, 27, mt > . > , ' ‘ 

Ohew drwir}|.((IS0T)^38, 66S. ' , 

• Ann, A Ghem, 0^^. 289, 8^.; ' ' / ' / . , I 

MJ. T'-'. yQV,,. ", 
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addition to the crystalline substance, when tlie cold aqueous solution is treated 
with phenylhydrazine. The irritating odor of the original distillate is very sug- 
gestive of acrolexn, but its presence Avas not proved. 

Tlie presence of a very small amount of methyl alcohol was shown ])y neutraliz- 
ing the aqueous^ acid solution with caustic soda and distilling over about one- 
third of the solution. The distillate was saturated with poiassiuni (;arhouat(‘ and 
redistilled. The first small fractions were then tested for nudJiyl alcohol by 
oxidizing to formaldehyde with hot copper oxide and then testing for the aldehyde. 

The presence of acetone among the distillation products wa,s shown in anotlun- 
experiment in which the distillation ])roducls were treated with an excess of 
dilute caustic-soda solution and distilled. The first few cubic centimeters Avuire 
tested for acetone by the method of Gunning"^ in Avhicli test iodoform is formed 
on the addition of a solution of iodine in ammonium iodide and a few drops of 
dilute ammonuxm hydroxide. This was confirmed by the test depending upon the 
ability of acetone to dissolve mercuric oxide iu an alkaline solution.-"' 

The products given off by Manila copal np to tiie point at wliieli the 
melt has a temperature of abont 330° may thus he summarized. 

Table IT. — -Suhstances given off hy Manila copal during the first stage of the 
decompositionj up to SSO^. 

Substance. ' 

Carbon dioxide—, — 

Water : — 

Formic acid]^ 

Acetic acid) 

Formaldehyde, acetyl formaldehyde, furfural deh yd e, 
methyl alcohol, and acetone, approximately. 

(Saseous hydrocarbons — 

Finene, liiponene, dipentene, ^pinene,Rnd eamphene, 
variable. 

Resin oil, A’^ariahle, usually from : 



Per cent. 

3. 2 
2.4 

0.5 

0.2 

1 ). 2 
1. 5-11.2 

a 0-6. 0 


BISOUSSIOJT OF RFSTOTS. 


The quantitative lesults recorded in this portioh of the paper should 
be considered as those obtained from commercial Manila copal of average 
age and of the first 'and second grades. , Any discussion of the properties 
ploop^s%wI& to:take account the %ide differences "in'" the age 
^ of the specimens examined and the eon^quent variations resulting there- 
in. of terpfenes obtained h^ve already 

0;b^i^|^''o:0gen 'quite mpidly and 
i)m amounts of carbon 
adcdrdint'to the age of the 
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It is at once apparent that the carbon dioxide, oil, and water are tin/ 
only products given off which can play an important part in the chemical 
changes involved during the first stage of the decomposition. 

The products formed are similar to those obtained by the incomplete combustion 
of hydrocarbons.--^ 

Formic and acetic acids, aeetono, acetaldehyde, furfuraldeliyde, ethylene, pro- 
pylene, carbon dioxide, and methane have repeatedly been found among the 
products of decomposition by heat of the more complex carbohydrates and other 
organic compounds.'® The formation of these substances during the distillation of 
/Manila copal can not therefore be considered as thi'owiiig iniicli light on the 
constitution of the original material. Their production suggests that possibly 
a carbohydrate group may exist in some of the original resinous substance. This 
is made somewhat more probable by the observation of Strasburger that in the 
conifers the starch content of the wood parenchyma cells is displaced by I'esin. 
In other \yords, the resin appears to be formed at the expense of starch. The 
same author says: ‘'Since the conifers sacrifice considerable quantities of reserve 
material in order to produce resin, it is clear that the starch is transported to 
the place at which the resin formation shall take place. 

The darkening of the resin on melting is not caused by oxidation, but 
appears to be due largely to the carbonization of some of the constituents. 
When the distillation is performed in glass retorts,, the air is quickly 
displaced hy carboii dioxide., steam, and gaseous hydrocarbons. Small, 
black pieces of ehaiTed substance can always be seen in the clear melt. 
Samples heated in sealed tubes to 300° darken to the same degree as 
when heated in a retort. A sample prepared by the evaporation of a 
cleaib alcoholic solution, .from which the rather insoluble flocculent matter 
had been removed^ was heated in a sealed tube. The darkening was 
less in this case than when the original resin was employed. 

The distillation was not studied beyond the ffrst stage except to identify 
ethylene and propylene among the gaseous hydrocarbons. 

This was done by passing the gases through bromine water. The oil thus 
obtained was distilled and a fraction weighing 5 grams was obtained which 
boiled from 128® to 1S2®, In otie experiment all of the iinsaturated hydrocarbons 
excepting ethylene were removed by passing the gas through concentrated sul- 
phuric acid. The ethylene dibromide obtained in this case boiled between 128“ 
and Propylene was identified in the fraction boiling from 135“ to 145° 

by heating the ’ oil with ten times its weight of neater in a sealed tube at 180° 
for 'eight hours." The aqueous solution thus obtained yielded iodoform on treat- 
ment with ' sodium carbonate , and iodine, indicating acetone, and an oily pre- 
cipitate separntek! ,dn the addition of phenylhydrazine, '.which when 'heated with 
zinc chloride gave off the' ;of ' skatolj; indicating , propionic aldehyde.* 

. . ,»^'B'tepsks', M'omtsk f.:' ;(a'9C2) 23., 773. - ' ; ^ ' ■ ' ' 

Fisher, E. Ber, A dmUohen ohem, ^1883), 22, 105; Ann. d. 

Xjmw) {l^m. 258, 230; Pinner, BeT* ehm> Urn- (iBsri, 16 

” y - l r' y-' y-*; T;./. 
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Furtlier investigations of tlie prodiiets given oil* during the se(H)nd 
stage of the decomposition were not undertaken beeause of (he impos- 
sibility of drawing any conclusions from them as to the nature of the 
original substances, llie eom].)lete distillation of Manila copal is more- 
over not a commercial practice. 

The fact that high-boiling resin oils are carried (>V('r by the gases 
shows that a certain amount of resin oil must be hd’t in ilie uuht. Tins 
]>Tesence of resin oil in tlie melt may in part ac'count for the solubility 
of the melted resin in linseed oil. 

Ko chemical examination of the copal oil has been made. The fractions boiling 
from 100° to 200° probably contain oxidation products of the terpenes contained 
in the resin. These fractions possess a fine,, camphor-like odor and have specific 
gravities ranging from 0.880 to about 0.910. Giiedras®’ lias sugg(‘sied that copals 
may contain oxidation products of the terpenes, 

Xumerous patents have been taken out oji processes wh.i(dL Jmvc for 
their objecd tlie minimizing of tlie loss in weight caused by the lieai.ing 
of the resins. 

In some processes^ the resin oil is condensed and returned to the melting kettle."* 
According to other methods the resins are heated under pressure.'” The resin 
oil thus retained in the melt undoubtedly assists in the solution of tlic resin 
and less heating is probably required than when the oil is Ibst. 

THE EFFECT OF HEATING MANILA COFAL ON ITS SOLUBILITY IN OILS. 


The formation of copal oil during destructive distillation at tem- 
peratures wliieh did not exceed tlie common working temperature of 
varnish m'anufaetufe suggested that perhaps the presence of this oil 
in the melted resin plays an important paid in the solution of fused 
copal in linseed oil. 

I have found that copal oil . is formed at the common working 
temperature of varnish manufacture. Jt assists in the solution of the 


resin In linseed oil, and samples of melted rgsin containing a large per 
: eent of copal oil can be dissolved in greater quantities of linseed oil, 
without Separating on cooling, than those having a smaller per cent. 
If the copal oil is removed from a sample of fused resin by distilling 
under reduced pressure, the solubility of the residue in linseed oil is 
much' dimin i shed. The substance thrown out of a solution in ligroiii 
or ly'^utiBg witii ligrtfta contains no resin oil and is extremely 

tmdtiik in oonvertpd Into a dark oil if further 

^ mneb lower tempera- 
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Tile following ex|jerinient shows that copal oil is, as a iiiatter of fact, 
formed by the decomposition of Manila copal at the common working 
temperature, about 300°. 

Aljoiit 250 grams of resin were heated to S10° and a reduced pressure of 120 
millimeters applied. Even with this sliglit vacuum 25 grams of a viscous, light 
yellow oil were obtained. After this amount of oil had been distilled, the heating 
was continued at ordinai'y pressure for four hours at 300"^ to 310^. When 
reduced pressure was applied, as before, 28 grams of oil were obtained below a 
temperature of 290“. 

A sample of Manila copal was heated until it had lost about 20 per cent of 
its Aveight. A portion of the fused residue was reheated to 200° and an equal 
quantity of hot, boiled linseed oil added to it. When a drop of the mixture Avas let 
fall on a piece of glass and allowed to cool it remained clear, but after adding more 
linseed oil, amounting to about 25 per cent of the original quantity of oil, the 
drop then taken became cloudy on cooling, oAving to partial separation of the 
resin. On adding still more hot boiled linseed oil the resin was precipitated in a 
bulky sticky mass. 


It will be seen from the above experiment, which was duplicated on 
many different melted samples, that the behavior of linseed oil as a 
solvent for heated copals is the same as that of ligroin, turpentine, and 
lienzenc. Varnish-like solutions can also be made of melted resin in 
coconut oil and heavy mineral oil Avliieh boils above 300°. The resulting 
solutions resemble varnish in their transparency, but of course do not dry. 

The resin Avas melted exactly as in the preparation of a linseed-oil A^arnish 
and heated at 300° until it had lost about 25 per cent of its weight. The hot 
mineral or coconut oil Avas then added in the proportions required for a lO-gallon 
varnish and the heating Avas continued at about 290° for one-half hour. The 
drops then tested remained quite clear on cooling. A portion of each solution 
was thinned with an amount of turpentine equal to the quantity of oil taken. 
The addition of more mineral or coconut oil to the undiluted portions caused 
partial precipitation of the resin. 


It is naturally to be expected that the loss of carbon dioxide and 
water which occurs on fusing the resin will affect its solubility. The 
melted resin is somewhat richer in hydrocarbons and poorer in acids 
than the original material. The Koettstoxfer numbers of melted copals 
are 'always' lower than those of the natural resins. The decrease in the 
Eo^tsforfeir* number 'depends 'upon the duration' and tempemture' mf, 
,ahd^pi^dbal)ly the pressure ^ 'exerted 'upon' the fusion. "However, it^d^'Oes' 
' not 'Seem', to^; too thrt'; 1 ^ 0 . loss pfrelatively little uarhon 
dioxide, w^tert''and: smaA::<|nantiti:^.of otiier^ substances 'would, in itself, 
affect the solubility of the eopai :to any considerable extent , ' 
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THE POEJIATIO^■ OP COPAL OIL xVT TEJlPERATainCS ABOVE 11:^0°. 


The formation of copal oil is much more rapid at a teinporatiire ol: 
8.20^ or above, than it is at 300°. Between 3:80'' and 3()0" large (piantities 
of oil distill from the melt. 

Many resins may be melted with very large 2 )r(>{)oriions ol oil I rom 
colophony or copal and yet wsolidily to hard masses. Kesidues I roin 
vacuum distillations, which contain very little or no eopa-l oil, art^ Tdie 
brittle. The addition of copal oil makes the mass tougher. 

A sample of Manila copal was melted with lui C(pial weiji!;h.t of copal oil, (On 
cooling to 80® the mass became sufficiently hard io> hreah with a conchoidal 
fracture when struck a sharp blow. Synthetic mixtures containing 25 per cent 
of copal oil are quite bard at ordinary temperatures. 


Copal oil is miscible in all proportions with absolute ethyl alcoliol, 
amyl alcohol, acetic acid, acetone, ether, (diloroform, ligroin, luumfuio, 
turpentine, and linseed oil. When a clear, concentrated solution of 
heated copal in one of these solvents is partially precipitated by diluting 
with the same solvents, the copal oil is left in solution togcdlun* with 
some resinous substances, while the precipitated portion is .free from 
copal oil. The effect of removing the copal oil in this inanner is shown 
by the following experiments. 


A sample of Manila copal weighing 6,00 grams was nmlted in a covered iron 
vessel and the temperature maintained at about 320® to 325® for one-half hour. 
The loss in weight* after this treatment was 26.0 per cent;’** A portion of this 
melted sample weighing 50 grams was remelted, the temperature not rising above 
220°, and 71 grams of hot boiled linseed oil, which had previously been tested for 
purity, was stirred in, These proportions correspond to the composition of a 
lO-gallon varnish, the oalculation being based on the weight of the unheated 
resin. When all of the oil had been added, a drop test showed no cloudiness and 
a small test tube sample remained clear bn, cooling. When the so-lution had 
cooled To . 170®, 26 cubic centimeters'' of 'turpentine 'were added. A sample of 
this mixture also; rejnained clear after cooling. 


b;;;;TMs: exp«rimeat''was^ 'performed for The suke of compariBOii with the 
foIlowiiLg : ’ 

A portion of the same melted sample weighing 100 grams wan complele^' 
dissedved in KH> cubic centimeters of benzene. The resin was then partially pr(‘- 
W eUbie' eeutimetbrs of ligroin. The solvent was dUdanted 


: uni 


apitate and . eva^porated , <>n. Bteam bath and finally over a free 
aperaiufe ©i muse to 3,80^ and all of the solvent 

and" 'evidently' contained ' a 

'ri, , ,1',;. ,,, ' y . 

Obviously, the 
depend more 
’ J'yfenture 
1 of the point 
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c'tmsiderable quantity of bigli-ineltiiig*, resinous substance in atidiiion to the copal 
oil. It melted at approximately 75° to 80°. This residue was melted and mixed 
with linseed oil, and finally thinned with turpentine, in the same pnoportions 
used in the above experiment. Samples taken before and after the addition of 
turpentine remained clear after cooling. 

It was found that the precipitated portion gave up the solvent by spontaneous 
evaporation. In a few hours it could be crumbled between the lingers and after 
twent}''four hours was completely converted into a dark brown powder weighing 
35 grams. The substance melted at 185° to 190°. It was melted and heated 
to 230° and the same proportions of linseed oil added as in the hrst ease. Pre- 
cipitation occurred even at this temperature and test-ttibe samples, taken ])efore 
and after the addition of turpentine, gave such an abundant tlocculent prcMupitate 
on cooling that the whole appeared as if gelatinized, and tlie tubes coiihl be held 
for several minutes in an inverted position without the contents flowing out. 

Since the precipitation method gives oniy a partial separation of oil 
and resin, an attempt was made to remove the copal oil h\ clistilliiig 
under reduced pressure/ 

A sample of melted resin, the same as was used in the above experiments, was 
melted and a reduced pressure of 20 millimeters applied. The sampde, weighing 
150 grams^ was heated gradually to 200°. The oily distillate collected up to this 
point weighed 27 grams, or 18 per cent of the amount taken. This was deemed 
sufficient to determine whether or not the solubility of melted copal was markedly 
affected by the oil. The distillate tvas a light ycdlow, viscous oil iiaving a greenish 
fluorescence. The portion coming over at about 260° and 20 millimeters pressure 
had very much the consistency of soft vaseline. The residue left in the flask 
was extremely brittle and friable. 

A portion of the residue weighing 50 grams was melted and heated to 230°. 
Boiled linseed oil, heated to a temperature of about 200°, was then slowly added 
until drop tests showed a marked and nninistakable cdoudiness. A small test-tube 
sample taken at ibis point also showed an abundant precipitate on cooling. The 
copal oil which had been removed by distilling under diminished pressure, was 
then added in the proportions corresponding to the composition of the sample 
before distillation. The hot mixture wms stirred for several minutes, and a drop 
then tested showed no cloudiness on cooling and small test-tube samples, taken 
before and after thinning with 25 cubic centimeters of turpentine, remained per- 
fectly clear after cooling. 

The amount of linseed oil added in the above experiment up to the point at 
which unmistakable precipitation occurred, on cooling was ISO grams, which is 
about equivalent to the epmpo-sition' of a 21 -gallon varnish, the calculation being 
made on 'the, weight of the .sample before heating. 


'Fos: experiiueBt was made oo a 'portion ,of ,the .originai. 

mkliM used, in' the above experiments tbe' objeet of determin,- 

ing liow much linseed oil could >e added to it before partial preeipitation 


wotild take place a ■ " o v , ■ - . ' - " ^ ‘ 

tifecprewus apd hot 

linroed bil slowly added 

MttOWnt of lin^ ^ 4>mlj 
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THE FiEnAYiOJ?, OF YAN'TLA COFAL IX SOME OF THE (.'OMMON SO 1 A 1'. N'l'S. 

Tiie pohibi! itic’S in several oT tlu‘ iiiort* ('omnioii s<)l\(^iils ol Manila 
copal, as it conies into the market, have been dehaaniinMl. bhios(‘ of 
four conuuereial ,i>‘ra{les of the resin \v(‘r(‘ (oiind b> hi^ j>ra(/i ioally the same 
ill eaeli given solvent. A sainph* which had ixuai luxated lo oOO was 
taken. When lai’ge proportions of solvents were used, the solulalilies 
in ligToin, henzol, and turpentine appeared io he nhoid (In* same as lor 
nnheated eopal and in aleohol this factor was niarktaliy less. 

The method was as follows: 

One Imndrecl cuhic epatiiiieters of tlie solvent wtav lakcni io 10 grains ot ilie 
powdered resin and the whole boiled under a ndliix eoiidenser for onedialf hour. 
About :I0 cubic centimeters of the clear, hot solntion w(‘re iluai (h^canied into a 
tared evaporating dish and weighed. This was then eva]>orated in an atmosphere 
of carbon dioxide. From the weiglit of resin found in tins way llu‘ |H‘r (Mmt whieli 
had gone into solution was calculated. Xn the case of ethyl aleoiiol, arnyl al(*olioh 
and etlier, all of tlie resin appeared to go into stilution with t]u‘ exception of a, 
little tloeculent substance which remained imdissolved (‘Ven in tlie fmMence of 
a large e.xcess of the solvent. With the exception of this thKicnhmt matlau', nnudi 
greater quantities! of resin can be dissolved in 100 cubic eentinuders of eth(‘r, 
ethyl and amyl alcohols than the amounts taken in tln^ experiments df*seril>(‘d 
above. 

Table I. — Per cenf of mhsianoe difisolved from JO (jrciy}iH of ms'fn hy JOO enhio 

eentimeters of ml vent. 


" 

Hoi vent. 

Per cent. 

Temperature 
used to expel 
solvent 

' Ethyl alcohol —Aw-; * — . 

95 

0 

nio 

Amyl aleohol - — - — . 

97 

150-155 

Eth-Ct 1 — - 

75 

120 

EigTOin-w - - ' 


nio 

, Ben'ssene — — — « — 

^ \ . fiQ 

ifirs-140 

TurpentlnO— — -A--— i - 

46 

170-175 





The above ' figures are only approximate and ro])resent averages, since 
the solubilities of different pieces of the same grade vary slightly. The 

to 10 per cent, will evidently be 
I considerable error when tliis 

foi" separating tesin and 

iiii y V. 'lu , 
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of fiisiMl iMadagasear copal was investigated by ( oliigiierA' wlio a deciti^d 

decrease in its sohd>iIity in alcohol and iiiereas-d Sfjlnhilities in ether, hen/.eiie, aTid 
elilorofonn. 

A sample oL' Manila copal was licated slowly to OOiP ami kej.d at that 
temperature until it liad lost VU per cent ot' its wmiglit. The solubility 
of tlie melted resin was deteimiiied as befoi-e. 

Table 11. — Per cent of fiuhstance dissolved from 10 [iraeis of incited eo/ei/ lof 
100 cuhiv centimeters of solrenl. 


Per cent 

Solvent. of copal 

dis^dved. 


Ethyl ak*oh«»l 

Benzene 

Turpentine — 



Tlie solubilities of this sample of melted copal in benzene and tiir- 
pentiiuy in the above proportions, are about the same as those of the 
nnlieated resin. Hov'evei^ these factors for fused resin cle])end very 
miicli on the temperature and the duration of the heating. So-called 
8 ni>erfnsed copal is quite soluble in benzene and turpentine. 

WliGii small proportions of solvent to resin are employed, tbe solubil- 
ities are strikingly different from those given above. vSamples of Manila 
copal which had been heated to about 300° to 3’?0° were completely 
dissolved in small quantities, one to two parts, of ligroin, benzene, or 
turpentine, whereas unheated copal could not be so dissolved. The 
amount of nnlieated resin diwssolved ]>y these solvents is, roughly, in 
direct proportion to the amount of solvent used, until all hut the more 
insoluble, floceulent matter mentioned above has gone into solution. 
However, tlie amount of fused resin dissolved is not even roughly pro- 
portional to the amount of solvent used. In fact, when a perfeetly 
clear, homogeneous solution of fused resin in one to two parts of tur- 
pentine, ligroin, or benzene is diluted with the same solvent, the resin 
is partially precipitated. CopaT which has l>een fused for several hours 
at about 300° will form clear, homogeneous solutions with larger pro- 
portions of these solvents than resin which has been so treated for only a 
short 'time. 


One' spednien 'of 'eopal was heated for eight hours at a temperature' 
' 0 f''ah 6 ut ' 3 B 0 °. , 'The resulting :mass , was rather soft' at ,30° and dissolved 
completely in five times its weight of benzene and almost no precipitate 
was obtained on diluting. This superfused resin apparently consisted 
largely of resin oil togetJrer w{th a little ruinous matter and charred 
^utet^nce. It had abo^f ,the Badie; |C<^steney a gjmthetic multure 

50 ^ pet ’ ceai ^ * per ’ream ^ " d. - r. . y ^ , 

hd; t ; j ‘ hi - 1 ; d, j ' ; f * ' r’’ '' 

A T ^ j ^ A ^ 5 * 




THE OXIDATION OF MANILA COPAL BY THE AIR. 


By Bexjamix T. Brooks. 

{Prom the Chemk-al Lahoratonj, Hurvau of Science. Mnaila, F. I.'i 


Since it is generally considered that the older copal resins are the 
more Ya]ual)le for varnish niannfaetnre, it appeared desira])le to investi- 
gate the changes taking place in Manila copal during its oxidation in 
the air. 

I jit tie is known of the chemical stnictiire of the compounds present 
in fresh and old resins of the so-called copal type. A brief review of 
some of tile properties of certain important constituents of the common 
resins will be useful in understanding the behavior of IManila copal. 

A very common constituent of tbe resins of the Conifcrce is abietic acid. 
jVccording to Frankforter^ this acid, or one of its isomeric forms, is present in 
nearly all natural resins. It is easily obtained in a crystalline form and has 
been more thoroughly studied than any of the resin acids. 

One of the difficulties met with in the study of this and similar substances is 
the ready absorption of oxygen from the air, which led to the discussion as to 
whether its formula was CioHagOg or C3uH;joOa.- According to Fahrion," the absorp-' 
tion of oxygen is accompanied by the formation of peroxides. 


A large’ number of acids related to abietic acid, and in some cases 
probably identical with it, have been, foiand in many different resins. 
It has not been isolated from Manila copal, but the behavior of this resin 
on. oxidation by the air is entirely similar to that of colophony or abietic 
acid. The absorption of oxygen from the air appears to be a property 
common to all complex resin acids, so far as they have been studied. 


Ivlason-Y^nd ^ , studied the resin, acids 'secreted by the JSTorway spruce 

ivnd prepared ^ theip so'aS .tO avoid heating. The acids isolated by them absorbed 
oxygen f romi' ' the iair with 'great rapidity, forming ' oxyacids whieh were quite 
insoluble "in Tnrpehtin^ 'and : were.' pn^fticularly adapted to forming a prO'tective 
coating w^enhhe ol^tesin 'exudes ; frepa the .tree- Tlie authors 'daim that^' it.',is''' 
not necesvsary fdr Oxidation or evaporation to take place in order that the secret 
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tioii harden," but there is no doubt that un.ler natural conditions both oxidation 
and evaporation accompany the hardening process, beginning as soon ns the 
fluid secretion is exposed to the air. 

The terpenes present in resins of this type also readily undergo oxidation by 
the air, and their tendency to resinify is much aflected by the pres<MK.u,‘ of otluo 
substances.® The changes during autoxidation will be distoisstal in anoiln'r part, 
of this paper. 

The effect of atmospheric oxidation on the chemical constants of freshly pcnv- 
dered samples of the more common varieties of co-pa-l was investigated l>y Wor- 
stall/ who noted a marked increase in their acid numbers and a decrease in their 
iodine absorption. The greatest change was noted in tlie case of Kaairi, \\’hi lo 
specimens of hard fossil Zanzibar resin did not change appreciably in four months. 
The greatest increase observed by him in tlic acid number of IManila copal over 
a period of four months was eleven units. 

I have found that the atiuos])lieric- oxidation ol Manila, copal is 
accompanied by the formation of organic peroxides, an increase in the 
Koettstorfer nninher and evolution of small quantities of carbon dioxide, 
formaldehyde, fonnic acid, and hydrogen peroxide. The oxidation is 
accelerated by sunlight. Under certain conditions the resin gives off: 
vapors which have the property of affecting a photograpliic plate. 

THE EVOLUTION OF CAKBOX DIOXIDE FROM MANILA OOTAL, 


In a study of the distillation pi^oducts ® of this re^sin, it was noti(^od 
that it was impossible to melt the resin without large quantities of 
eaihon dioxide being given off. At temperatures between 250® and 
330® this gas is evolved in large quantities and. is apparently derived 
from the decomposition of a carboxyl group. Easterfield and Bagley 
found that pure ahietic acid gives off large quantities of carbon dioxide 
when distilled m vacuo.'' However, small quantities of carbon dioxide 
axe given off by Manila copal during atmospheric oxidation even at 
ordinary temperatures. 


Sebwalbe^ noted that colophohy gave off carbon dioxide at about 120® and 
snggestod that the Koettstorfer p^ninber might be hffeated by. this cause. He 
regarded the gas as being derived from the decomposition of ahietic acid. 


® I have recteily had the opportunity of making a similar observation in the 
of the % the yinfet, Pirns inMkms Bndl., in the Brovinoe 

dt Bfekgnet of the clear> hohey»yellow exudate were 

isto In about one hour the contents 

of ^ the ooShsiet^y ol stiff lard. Stirring 

ptoehes which was due to the 
^ ^an^ination of the 
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Herty and Dickson have recently confirmed Schv'albe’s experiment on speci- 
mens 'which had been exposed to the air, but find that resin which lias not been 
long in contact tvitli the air or oxygen can be heated indefinitely at a temperature 
of 140° without losing carbon dioxide, provided oxygen and moisture are excluded 
from the 'flask in which the resin is heated. Turpentine which had been exposed 
to the air gave off carbon dioxide when warmed. The authors state as follows : 
“No question of the splitting off of a carboxyl -group could arise here.” They 
also prepared specimens of the resin acids from the oleoresin of Pimis lieterophylla 
.(Ell.) Sudworth, in such a manner as to avoid heating. However, they make 
no mention of having made any effort to exclude oxygen. The salts of the resin 
acids were dissolved in water, the solutions acidifiied and the preeijiitated acid.s 
Avashed and dried. I have found that, when the resin acids from Ylanila copal 
or colophony are prepared in this manner, the fine powders obtained rapidly take 
up oxygen when dried in air. On heating the i-esin acids in a current of dry 
nitrogen, Herty and Dickson found that a small amount of carbon dioxide was 
given off at 65° to 70°. 

It is evident from their work that the evolution of carbon dioxide at compara- 
tively low temperatures from turpentine and resin requires previous exposure to 
oxygen. Both of these substances are knoAvn to form organic peroxides wdien 
oxidized by the air. According to Engier and Weissberg,^- pinene forms a peroxide 
0 

of the formula CioHia<' { , which on exposure to direct sunlight or warming to 
'0 

80° to 100° decomposes and gives up its '^'active” oxygen to “inner oxidation.” 
Thus turpentine yields, in addition to carbon dioxide, acetic acid, formic acid, 
a camphoric acid melting at 176°, and an acid isomeric with campholic acid.^’* 

Fahrion found that the peroxides formed by the autoxidation of colophony 
were quickly decomposed by heating to 100° and by long standing in strongly 
alkaline solutions. 

Dunlap and Shenk^^ and Genthe^® found that organic peroxides were formed 
during the autoxidation of linseed oil, and according to Mulder carbon dioxide, 
formic acid, and acetic acid are formed at the same time. 


Tile etolution of carbon dioxide from linseed oil, turpentine, colophony, 
the resin acids studied by Herty and Dickson, and Manila copal occurs 
simultaneously with the breaking down of the peroxides present. If 
oxygen is excluded and no peroxides ai‘e formed, no evolution of the 
gas occurs. The fonnation . of carbon dioxide, under the conditions 
described above, can not be accounted for by the decomposition of a 
c4tboxybgroup in view of the nature of the substances from which it 
ia nvolvedj since Herty and Dickson have shown that the resin acids 
in colophony are not decomposed at a temperature of 140 Therefore, 
the conclusion seems wan'^ted that the breaking down of the organic 


Ind, d Png, Oh&m, (T909), 1, 68. 

d, deutschm, chem. (1898), 31, 3046 j (1900), 33, 1090. Compare 
Bkraval, 'D>ie induziertcat Mwm, ohem, u, chem.-teGh. Tortmge. 
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peroxides in these substances cau^^rn the forniati(ni ol; earhou dioxide 
and probably formic,, acetic, and certain other ardds also. According 
to Engler’s aiitoxidation theoiy the decomposition of an <n'ganic peroxide 
may cause tlie oxidation of another sni)stance, the “acceptor/’ udiicli is 
not autO'xidizabie. 


The air in several bottles containing powdered copal was wasli(‘(l through a. 
solntion of baiitmi hydroxide and an abumlant precipitation of barium (‘arbonait; 
was obtained. About 85 grams of powdered resin were plac.c.d in a. tube and a 
stopcock sealed into each end. The air was washed out with pure oxygen, and 
on every day following about 200 cubic' centimeters of moist oxygen wer(' j)a,ss(Ml 
through the tube, dried by passing tlirough calcium cldoride, and 1 h(‘ carbon 
dioxide absorbed in a potash bulb. The increase in weiglit avcrag(*d 0.017 gram 
per day. 

The amount of cai'bon dioxide given off from JSlanla copal at 100° varies a,c- 
eording to the previous treatment of the specimen. A sample w^eighing 5 grams 
was taken from the interior of a lai'ge lump, powdered, and heated t(j 300° in 
a current of hydrogen, which was then passed through a solution (»f barium 
hydroxide. Only a trace of carbon dioxide was detected after four lioin-s beating. 
About 3.0 grams of a powdered sample which had stood for several weeks in a 
loosely stoppered bottle was treated in the same manner. The barium hydroxide 
solution became cloudy in a few minutesj and after four hours’ beating 0,0152 
gram of barium carbonate was precipitated, equivalent to> about 0.3, per emit of 
carbon dioxide. A portion of the powdered sample whicdi gave no carbon dioxide 
was tested for peroxides with a solution of potassium iodide and starcli with a 
negative result, while in the case of the specimen wliicli yielded carbon dioxide 
a n^arked liberation of iodine occurred. These experiments wtu'c duplicatctl quali- 
tatively on several samples. 


The aboYe phenomena conld be caused by the terpenes in the copal^ but 
terpene-free resin obtained by heating to 300° also allowed the same 
behavior, which is consistent with the properties ol colophony and 
abietie acid. Copal, free frdin terpenes, was also prepared by extracting 
an aqueotia solution of the sodium salts of the resin acids four times 
with ether. The solution was then half evaporated on a steam bath to 
■expel ether''' andAhe;>esin\;acids precipitated by ■diltito hyd'tocliloi'ic aeiA 
Tlie, dry,^|>ewtoed7'^id^^^^^ exposed to air' and siinliglit in a covered 
cr 3 stalli 2 iiig dish. All the changes noted as taking place in Manila 
copal occurred in this case, but much more slowly* Positita tests fot* 
formaldehyde and change id the photogi^aphic plate were (hisily bbtained 
after feht d&j$ snnlighi ' 

^ , Sehivaibe ^ thfe'!e^olulion-:o£\>aarbon from, .a 

433^ ^bonification might affect Ahe so- 
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sohition resulting from a determination of the KuettstoiTer niiiuber i?? 
acidified and tlie resin recovered, a second deterniiiiation siiows a decrease 
in the Koettstorfer number only when the samjbe ot resin gives oi! 
carbon dioxide and slnnvs a reaction for peroxides. 

Two s(‘ries of Koettstorfer iiiiinbers were made on a portion of the sample whirl} 
liad been tested with negative results for the evolution of earlKm dioxide and for 
peroxides. One series or determinations was made in small Erlennieyer flasks 
with open-air condensers. Another series was made in small Jena glass flasks 
of about 50 cubic centimeters capacity. A sample of resin weighing' 2.00 grams, 

10 cubic centimeters of benzene, and 25 cubic eeiitiineters of ? alcoholic caustic 

potash were introduced into each of the Jena glass llasks. which were then sealed 
and lieated in a bath of boiling alcohol in order that the temperature in the 
sealed flasks would not be higher than in the open ones. The effect of prolonged 
digestion is also brought out by these series. In determining the Koettstorfer 
numbers of the recovered samples, the digestions lasted oiie-balf hour each. 

Table L — Koettstoiipr Clumbers obtained under different conditions on a sample 


of Manila copal. 

' 1 

Time, | Open. | 

sealed. 

■ ! 

145.0 1 : 

145.0' 144.5 

158. 8 1 154. 6 1 

160. oi 160.2 I 

16t>.8 166.8 ; 

170.4 i ' 

One-half hour boiling 144.0 

1 hour boiling ! 153. 5 

2 hours boilinj? ‘ 162. 9 

4 hours boiling 1 166. 6 

fi hnurs boiling _ ' 170.6 

(S hours boiling j 174. 0 . 

174.2 , 


Tlie recovered resins were dried in hydrogen to prevent oxidation. It 
will be uoticed that their Koettstorfer mimbers are the same as for the 
original samples. 

Powdered samples left exposed to the air for a few days show a 
peroxide reaction when tested with potassium iodide and starch. Such, 
samples show a slight decrease in their Koettstorfer ntimbers after re- 
covering the resin from the first determination. This is to be expected, 

; since part of the alkali is neutralized in the first determination hy carbon 
dioxide and small amounte of volatile acids. The sample weighing 3 
gramS;, which rielded 0.1 per cent of carbon dioxide at 100°, also gave 
up acids which were soluble in the water in contact with it, which 

required 5.5 'cubic centimeters of caustic soda solution to make them 

neutral to phenolphthalein. hhe absence of these acids in the rccovered 
resk would cause a decrease in the Koettstorfer number of about 10 units. 

' . X powdered sample whntd^'had'Bt^ in a loosely stbppered bottle for 
months showed 'Ji aftetkue-half hour’s, diges- 

tiq.s, drf -SIO. The >16^ d?ie|d i» showed a Koetlr 
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Ftori'er mimber of IRT'. This sample gave a positive test for im'oxulo^ 
aiKl gave off caihoii dicLvide on lieating to 100"’. 

H€Miri(j[ues made a. series of similar experiments on colophony with t!ie object 
of determining whether or not esters were present. The "hicid numbers ol the 
recovered resins were in every case louver by 0 to S units than the vnliu's obtained 
for the original samples. 

The above table also brings out the wadl-knowii fact that |)ralonged 
digestion of resins in alcoliolic potash yields high KocttsloidcM’ munlxrrs. 
According to Lewkowitsch alniormally high values may bo obtained by 
prolonged digestion even in the cold. The series of determinations made 
in the small sealed flasks also show conclusively that th.o hig].]o,r values 
are not caused by atmospheric oxidation during the course of the experi- 
ment, as was suggested by Worstall. Several determinations were made 
in an atniospliere of hydrogen with the same result. Two deterjuinations 
were made on separate portions of the same sample, the only difference 
being that a current of hydrogen was passed through one flask and a 
stream of air, free from carbon dioxide, through the otheih An increase 
of 15 units was observed in the Koettstorfer nuniher ol: the lattei* and 
an increase of 13.5 nnits in the former case. 

Lewkowitsch says that the changes produced by prolonged digestion in alkalies 
point to ^‘gradual degradation^' of the resin. Fahrion and others have suggested 
that lactones may be present, which are formed by rearrangement of peroxides, 
similar to the reactions which Baeyer and Villiger found in the case of the 
peroxides of camphor, menthon, tetrahydrocarvon, and ketocyclohexane. Accord- 
ing to this theory the lactones present in the resins are slowly decomposed by 
alkalies and giVe rise to the gradually increasing Koettstorfer numbers. 

THE INOEEASE IK TBtE KOETTSTORFER NUMBER OF MANILA COPAL CAUSED 

BY AUTOXIDATION. 

A freshly powdered sample of Mstoila copal was found to have the 
Koettstorfer number 167. About 85 grams Of this sample nhaorbod ISf) 
cubic centimeters of oxygen during the first fourteea hours after powder- 
ing. After standing exposed to the air for four months the Koettstorfer 
number, determinwi in the same manner, was 182. Another sample in- 
creased hhits dhrii^g -a period of eight months, havihg a final 

pmTO|5fer of llhe diffetenoee opserted in these caaes are 
eondd^atal- ^p»W-|psri;^’i|j«..acid. hiionbers recorded by Worstall." 
Althc^h an^ tpie Koettstorfer numbers are 

syid% coiHp^^|%'|^,^'i!ipy]|^^f'ii^‘|g«(tier^’higher temperature 
; ' .. ^ M : 'M- u.r. • . 


(1880), 
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prevailing here and the more intense snnliglit ot tlie Tropics would cause 
rriore rapid oxidation. 

'J’he increaise in tlie Koettstorfer number of a resin whieli has been exposed to 
the air also points to the rearrangement of peroxides to lactones. A similar 
phenomenon perhaps occurs in the case of linseed oil. Lewkowitscli gives the 
saponitication number of a sample of blown linseed oil as 287,. or about 100 
units higher than for ordinary raw oil. 

Certain hydroxy-acids in the aromatic series give Ivoettstorfer numbers which 
are considerably higher than tli^ values calculated for the carboxyl-group alone.-^ 
This fact might be cited to show that the increase. m the Ivoettstorfer numbers 
of samples of oxidized copal is due to the formation of hydroxy-acids, which 
might also form lactones. However, such an explanation would be difficult to 
apply to turpentine. 

Since the oxidation by the air of these widely different substances is 
evidently due to their unsaturated character, is accompanied by the 
formation of organic peroxides, and gives rise to reaction products the 
formation of which is readily explained by the breaking down of the 
peroxides, it evident that the only explanation which will suit all of 
these eases is that the changes which take place during autoxidation 
depend on the formation of organic peroxides. 

OTHEIl TKODUCTS OF THE OXIDATION OF 3^IANILA COPAL BN THE AIK. 


Formic acid has repeatedly been found as a product of the atmospheric 
oxidation of linseed oil and turpentine. It is also formed during the 
autoxidation of Manila copal. 


A freshly powdered sample of the resin possesses a ple^isant aromatic smell, 
but on standing for a few days in a loosely stoppered bottle acquires a sharp 
irritating odor. A small evaporating dish containing a dilute solution of hydrox- 
ide was placed in a jar containing about 300 grams of powdered resin and 
allowed to stand for three weeks. The solution was then diluted, acidified with 
sulphuric acid, and distilled until one-half of it had passed over, This was 
neutralis^ed by ammonia, concentrated to about 2 cubic centimeters, and the 
presence of formic acid shown by the ferric chloride test. Its presence was also 
shown by dissolving 200 grams of powdered resin in cold, diluted alkali, precip- 
itating the resin acids and filtering. The filtrate was then neutralized and 
concentrated, acidified with phosphoric acid, and distilled until about one"half had 
passed over. The distillate was treated as before and a positive test for formic 
acid was dbtained., , , 


,',l?(itp^dehyde is also' a 'Product, of the autoxidation^ of Mahiia'eopal. 

? ' !4n. ' opdn. dish ‘ odfitdining ''i0^;cubic ' 'Centimeters of' ^er 'was placed,,' in , a "jar' 
'' '200' Q# '^^otedered' resin: and al'lowedTo ‘stod'foT one,we^k.',. ' A't 

the end of this time the water was si^ongly acid, and three drops were sufficient 
to give an unmistakable test for lonnaMehyde when tested by the well-known 
color reaction with milk 'and feidpbwfc acid containing a trace of ferric chloride 
, afid bromine water. 
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Althoiigli formic acid Iian fre<iiiei]tly Lecii ideiitiiied among the produeis 
of oxidation in tlio t>iinligiit of many organic substances, formaldehyde lias 
often been overlooked. As inentiojied above, co])al carefully treeil from 
terpenes yields a small ainoiuit of fonnaldehyde on autoxidation. I 
have slmwn that formaldehyde is also i'oinied during the auloxidation oi 
piiiene. liinonene. and linseed oil. Tn fact, the formic' acid presc'ut may 
have ])een formed from formaldehyde, since, according to Kas(.h‘ and 
Ldvemhart,-*’ the oxidation of formaldehyde. is axH'clerat'ed by sunlight. 

A sample of pinene boiling between loo® and 157® was carefully ])iirilied and 
distilled over sodium. Tlie oil was then exposc^l to moist air and sunlight for 
three days, after which time the oil was shaken out with an ecjiial vidume of 
water. Tln^ee drops of the aqueous solution were suiheient to obtain a disiiiud. 
reaction for formaldehyde when tested by the milk a, ml sulphuric acid reaction, 
A sample of liinonene treated in the same manner yielded forma ldebyd(‘. 

Linseed oil, which had been e.xposed to air and sunlight for tbris; days, was 
extracted with an equal vohime of water and the extract tested for formaldehyde. 
Positive tests were obtained although tlie concentration of the- aldehyde S(»Uition 
was much lower than in the previous eases. 


THE XXFLUEXCE OF SUNLIGHT ON THE ABSOKPTION OF OXYdEN BY 

MANILA COPAL. 


Sunlight, so far it lias been tested in this respect, lias a mark(Ml 
accelerating effect on autoxidation. 


Genthe^® showed that light, particularly of the shorter wave lengths, greatly 
accelerated the autoxidation of linseed oil. Light is also known to accelerate the 
autoxidation of turpentine. Klason and Kohler-’^ state, of the resin acids of the 
Norway spruce which they studied, that “The sensibility of the resin acids to 
oxidation js very different in winter and summer. It is almost impossible to work 
with sapin acid from May to August: It is evidently not the temperature alone 
which causes' this. Either' the light -or ,a yet unknown cause is active here.^’ 


'' S'unlight accelerates the oxidation of Mamk' copal l)y the air, ,a,H was 
siwwn/by' 'a ;siknpk;^expe^^ in>hich equal portions of a powdered 

saniplc' 'pkced;;in^''tw^^ 'Of the same ’ cap^acity and filled 'with 

oxygen. ' y ■ 


hlanometers were attached to the bottles. One bottle was covered with four 
layers of tin foil and both were then exposed to direct sunlight. In five hours 
the diminished pressure in the unprotected bottle was equivalent to 30 centimeters 
of wMfe na^mei^'Wthe proteOted bottle showed a difference in 

of osrfy M in teipperathre the two bottles ; 

liid not ^eee# ^irees, ,l|kir foar 4a|^ both' rpattowteters' showed a dif- 

^ " 'h/!.' -'l '? .’V .'V V ,U'.l .V . '' ■' ' I' ‘ , i, , 
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SUM.AIARY. 

1. ]\laiiila eopal rapidly absorbs oxygon t'roiri the air. The oxidation 
is aceoiTi|)anied by the forniation of organic peroxides, an increase in the 
Koettstoider niimberj and evolution of small quantities of carbon dioxide, 
formaldehyde, fonnie acid^ and hydrogen peroxide. 

2. The resin acids of Manila copal;, when separated from the terpenes 
occina'ing in the natural resin, undergo oxidation Ijy the air. 

3. The evolution of carbon dioxide from Manila copal and colophony 
is probably due to the formation of oi'ganic peroxides and theii' subsequent 
decomposition. 

4. T]]e increase in the Koettstorfer number obtained by prolonged 
digestion with alcoholic xjotassium hydroxide is not due to oxidation 
during the course of the experiment, Imt is probably eaiisech at least in 
part, by the breaking down of lactones and organic peroxides. Samples 
wliich have been exposed to. the air give up carbon dioxide and formic 
acid to the alkaline solution in the Koettstorfer determination and 
cause the recovered resin to show lower Koettstorfer numbers than the 
initial values. 

5. Formaldehyde has heretofore not been noted among the products 
of tlie oxidation of organic substances by the air. I have found it among 
the products of the atmospheric oxidation of Manila copal. 

G. The oxidation of :^£anila copal by the air is accelerated by sunlight. 




THE OLEORESiN OF PINUS iNSULARiS ENDL. 


By Benjamin T. Bkooks. 

[From the Chemical Laboratory, Bureau of Science, Manila, P, L) 


Tile prepai'atioii of turpentine and rosin^ or colophony^ from tlie resin 
of Pinus insularis EndL is apparently a eommereial possibility. It was 
therefore investigated in order to ascertain if the products compare favor- 
ably with the turpentine and naval stores manufactured in the . southern 
United States. 

To judge from the work so far as -it is finished;, the oleoresin is identical 
with that collected in America. The volatile oil consists for the greater 
part of ordinary pinene and the resin of over 90 per cent abietie acid. 

The constants of the oil as determined by Mr. G-eorge T. Richmond of 

30° 30° 

this laboratory are as follows:^ Specific gravity, gg-^=0.8593; 

,30° 

1.4656 ; A“p-=-|-2(j.5. iJ^inety-six per cent of the oil distilled between 
154° and 165°.5. 

I have determined the optical rotations of five specimens of the tur- 
pentine which were distilled with steam from five samples of the oleo- 
resin collected from as many difierent trees. Considerable variation in 
these values was found, but the differences were not as large as those 
noted in the ease of American turpentine by Herty.^ The values I 
obtained at 30°, using a Schmidt and Haensch half-shadow polariscope, 
sodium fiame, range from’ +13-15° to +27.48°. These numbers are 
sufficient to show that the optical rotation of the turpentine from this 
species, like th^t obtained from Finns palmiris Mill, and Pinws^ hetero- 
SudworthTU' America and the commercial turpentine /of 
Pr$^hb^+nd:' Russia^' has no characteristic value.' 

'//^'Alt^tohgh ''the'' constants, identify the oil as consisting principally of 
ordinary pinene, several derivatives of the latter were prepared for 
further proof. 

From a fraction boiling fi^om to 156® pinene nitrosyl chloride was 

it was identiSM hy'fts melting point (115®) hji 
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coiiv 0 rtin£*’ it into piiioiK-i iiitrolbonzyliiiiiiiio. Tlio fviiotion boilin^t»' iroiii 15i) to 
101% 35 per cent of the oil, was tested for /3 pineiie by the method of Wallach'^ 
and a small quantity of nopinic acid, melting point 121°, was obtained. Tlie yieitl 
of iiopinie acid was less than 1 per cent. 

The colophony remaining after the distillation of the tnrp(irii iiu*, consisted 
almost entirely of abietic acid. No other acid has b(‘en isolated from it. A 
sample of the colophony was ci’vstallized once from dilute alcohol and a- yield ot 
90 iier cent of crude crystalline abietic acid was obtained. 1 have found that 
the yield of crystalline abietic acid which it is possible to obtain (hqamds very 
ninch upon whether the turpentine has been removed by steam or dry distilhition. 
A sample of dark brown American colophony when treated in the same mannei' 
separated as an oil. which c*r\'stallized only after several days, standing in an 
ice box. 

When the original samples were collected, some of the clear, honey-yellow 
exudate was poured into glass vials and sealed from the air, Jii two hours 
crystallization had set in, the mass changing to a white crystalline nuxtnia?.. 
On returning to the laboratory the crystals were isolated by spreading 30 grams 
of the mixture on a porous plate which was then placed in a, desiccator Oiled 
with hydrogen. After standing one week the crystalline residue remaining on 
the plate weighed 17 grams. The substance was recrystallized twice from dilute 
alcohol and it then melted at 128® to 131®. By repeated crystallization from 
dilute alcohol alone, a melting point higher than 129® to 131® could not be 
obtained, but by crystallizing from alcohol diluted with strong aqueous hydro- 
chloric acid, crystals were deposited which melted at 154® to 150° witliotit 
further recrystallization. The angles of the latter crystals were measured under 
the microscope and proved to be identical with those given by Mach * for abiotic 
acid. Several concordant combustions agreed fairly well with the numbers for 
abietic acid. 0.1980 gram substance gave 0.5690 gram C'Oa and 0.1760 gram 11,0. 


Calculated for CioHasOa, Found 
Per cent. per cent, 

G 79.16 78.40 

H 9,72 9.87 


Klason and Kohler® suggested that abietic acid itself did not occur in turpen- 
tine olebresins, but was probably formed from another acid which was very sen- 
sitive 'to heat, Wiesner'® states that the substance crystallizing' from ordinary 
turpentine oleoresin i^: abietic acid. 

y;ln the present state of our^ 'knowledge, it is impossible .to state exactly what 


abietic acid is.'^ I’he nomenclature used by difl'ereut authors is by no means 
‘uniform, yet there -is no doubt but that the high melting acids, obtained by 
crystallization from solutions containing hydrochloric acid, are isomers of the 
original low melting acids.® In view of the fact that the properties of the a<‘id 
obtained by me by , crystallizing from dilute alcohol and hydrochloric acid agi-oe 
well with thc^.of tire abietic acid described by Mach, this name is given t-bc 






OLEOKESIX OF PIXUS INSULAIUS EXDL. 


231 


Xo evidence of a crystalline substance other than abietic aci<l was found. 
Twelve grams of the crude substance were dissolved in 30 cubic centimeters of 
dry ether and dry ammonia passed in until the solution was saturated with the 
gas. Nothing separated from the solution. 

The mucilagenous material left in the mother liquors after crystallizing the 
crude abietic acid was not investigated. 

The Koettstorfer number of a “water white’’ sample of the colophony was 
170.2. The Lieberraaim-Storch reaction gave a brilliant purple the same as in the 
case of American colophony. 

The above data are sufficient to show that the turpentine and eolophonj 
from Piling insularis Endh are jmacticallv identical with those produced in 
America 
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PHILIPPINE FIBERS AND FIBROUS SUBSTANCES; THEIR 
SUITABILITY FOR PAPER MAKING.' 


By Geokge F. Eichmon'D. 

{From the Chemical Laboratory ^ Bureau of Science ^ Manila^ P. /.) 


TNTHODLTOTION. 

Since eoiiciuding our survey of Pliilippine fibers and fibrous sxil.}staiices 
from the standpoint of their suitability for the irianiifacture of pulp and 
paper, I liave liad oeeasion to investigate certain selected species of luimboo 
from this and otlier Malayan regions and to consider in some detail 
the various factors connected with the introduction into this part of 
the world of an industry for making paper pulp from bamboo. The 
prospective investor needs particularly to know where he can iiiainifacture 
at a profit^ the conditions under which he will have to work, the quantity 
of the raw material available, the native substances for the production of 
chemicals, and tbe costs of freights, power, fuel, and water, as well 
as the natural facilities and advantages of the site. Experimental results 
on The prevailing' species "of Philippine bamboos are therefore given in 
this paper, including a brief, r6sum6 of the, ^causes leading to the recent 
j*atl'ier' Beriqus inquir}^ eonoeruing this interesting material as a possible 
of Taper b'. ' , 

The last three or four years have ■ witnessed a general extension of the 
search for new materials wherever ' paper' is made or used. 'v This" 'is' 
evidehoed by the lar^e liunaber’of 'new vegetable products w:iiidr: have been 
iriv#%ated ‘ and Reported Upon in r^ation to their suitability far the 
manufacture of paper. , . 
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A. D. Little, official chemist of the American Paper and Pulp As- 
sociation. has discussed this sul)jeet at full length.” 

He lias emphasized the “growing scarcity of pnlp wooclj the continiiany lising 
price and longer haul with wdiich paper makers using i-liis material a, re now 
contending, and the coming competition of new atnl better stocks w.hich even 
now can be produced more cheaply than any bleached wood fiber. 

“Wood, as a raw material, has proved so available, corivtaiieiit, compact, t^asily 
handled, and heretofore so cheap, that we have been led to overlook <>r ignore 
the immense sources of other and bettor paper stocks wliicli easily lie within oui 
reach. 

“'We are not dealing with the perennial suggestions of visionaries who see 
a paper stock in everything which has a fiber, but are, instead, concerned with 
the serious proposals of capable technologists whose conclusions arc based on 
careful study.” 

"\\ffiile opinions differ as to tlie gi-owing scarcity oL suitable pulp 
woods, it is safe to assume iliat spruce wood, is lieeoining exhausted. 
Spruce forms at least two-thirds of all the tvood converted into pulp 
at the present time. The supply of this material was formerly consid(n‘Gd 
to be practically inexhaustible., 

The importance of searching for a suitable substitute for wood is 
realized when it is considered that the wmrkTs annual production of 
paper has reached 8,000,000 tons, with an estimated increase ot! 2b per 
cent every ten years. Six and a half million tons of this output are 
made from wood. Tlierefore, wood is the controlling factor in tlie paper 
world to-day, and influences which tend to increase its cost ai*e tlie 
direct cause of the recent systematic search foi' a cheaper substitute. 


BAMBOO FOR PAPER PULP. 


The trend of recent investigation in the direction of bamboo fiber 
is espOcialiy noteworthy, and the serious consideration of this material 
at preseint is largely the outeoihe of the spasmodic attention which it 
' " 'received 'since 'the date of its 'first introduction. This revival 
of interest” in bamboOy_,as h' sehree 'of ■ paper stock is 'largely due to 'the 
investigations of fi. W, Sindall and William Eiatt, two Eiigiisli paper 
manufacturers and pulp expextB, who, independently of each other, have 
studied the material in British India. 

'Sindalh in a report^ to the government of India, sums up Ins coii- 
s on the' suitability of'hatnboo fiber for paper making and the 
^ aa follows: ' ,, ; 

.Value of 

a reason- 
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pulp, the cost of the raw material for 1 ton of finished pulp is ■^eveii dollars 
and thirty cents. 

At the prices quoted abore the manufacture of paper pulp for export- seems 
to be a practical commercial problem. A ton of unbleached bamboo pulp could 
be produced for about twenty-six d.ollars and sev^enty-six cent^, iiieluding manu- 
facturing costs, interest, and sundry charges. This cost supplemented by tlie 
freight to England and sundry d^ies, would be increased to thirty-six dollars 
and fifty cents, as the price delivered in London or Liverpool. Having regard 
to the quality of the pulp, a higdier price would be realized, since worjd puilp is 
valued at eight pounds to nine pounds sterling per ton (thirty-eight dollars and 
ninety-three cents to forty-tlirce dollars and eigh.ty cents goidj. 

Acting upon Sindalhs recommendation that a practical trial with bamboo on 
a large scale would go far toward iiltimateh' bringing his preliminary inquiry 
to a successful issue, several tons of bamboo were shipped to the English papjer 
mill of Tliomas & Green, at Wolmrn. near London, for a practical demonstration 
of its paper-making qualities. 

This firm reported that the material worked exceedingly well on the machine 
and produced a good sheet of strong paper suitable for special kinds of printing, 
particularly for lithographic work, A portion of the bleached pulp was sent 
to the North Ireland Paper IMill Gompany, whose manager reported as follows: 
“We found no difficulty wdiatever in working the stuff. It was put through our 
mill just the same as if we had been treating wood pulpj without any alterations 
to the machinery being necessary. The paper thus made was submitted to 
lithographic printers who reported that it took both letter-press and lithographic 
work admirably.*' 

The bamboo «was cooked with caustic soda of 15° Twaddell for seven hours 
at 60 pounds pressure and bleached to a good 'white with 8 to 10 per cent of 
bleaching powder. The complete results of this practical test were published, in 
a pamphlet on paper made from the bamboo. 

A. D. Little’s opinion of SindalFs booklet is of value in this connection. He 
writes: “There appears to be no room for doubt that bamboo is one of the most 
promising, if not in fact actually the most attractive of the new sources of 
paper stock available at the present time.*’ 


It would seem to me that the practical test quoted above is hnal and 
coiieliLsive for the species of bamboo selected and the process of manu- 
facture employed, and that the last doubt of the most skeptical regarding 
the intrinsic value and applicability of bamboo fiber for certain grades 
of paper is entirely removed. ^ 

Riatt’s investigations on bambew have extended over a period of ten 
years' since 1897, during which time many fundamental questions regarding the 
commetCmU'iise 'of the material have been ' thoroughly considered. ' He 'Writes;*' 


“Among the h^hrous'produets.of.onr .tropical and 'SUhtropicah forests, none iS' more 
likely to take a more leading pla^ as a paper-making material than ham 
Its accessibility, being generally , found, within "reach of waterways , down' , which 
it may be rafted; the size of the stems, giving a larger return per head per dky 
for the cutting and collecting force employed than in case of the smaller annual 
grasses; the ease with which ii yields to the SBjae methods of treatment which 
have he^ so successM.fdth wood, wiih its greater mrk St 


with ife^ ^a^w mark St 
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out as the fittest and most natural successor to the position occupied by sprueo 
and pine frees during the last thiiy years; wliilc its power of scdf-reproduciion 
makes it impossible that the process of exliaustion of supply, which lias taken 
place in the case of these timbers, can ever happen with bamboo.’ 


The particular value of Hiatt’s results lies in his exlensive ohsiM'vat ions 
Oil the manner and habits ot‘ growth and reproduction of seh'clod spi'cies 
of Indian bamboos and the apidicability ot the inforinaiion obiuiiied l.o 
the bamboos of other tropical or subtropical ingions. This pj'actical phase 
ill the commercial use of bamboo will be taken up at another place, wdien 
the availability of the Philippine bamboo forests for commercial use is 
discussed. 

An extended laboratory study of a new or Iritlierto commercially 
untried raw material for a specific purpose should be of a comparative 
nature. In judging of the pulp and paper making qualities of bamboo, 
it should be directly compared with the material with which it will 
necessarily compete on the world’s markets, namely, pulp wood. The 
comparison should consider, first, the applicability of present methotls of 
manufacture,, and, second, the suitability of the manufactured product 
to present uses. While I fully realize that a laboratory examination of 
a given raw material for a specific comiriereial use is not as coaclnsive 
to the average prospective investor as a practical test under actual man- 
ufacturing conditions, in the absence of an opportunity for sjich a practical 
trial I have endeavored to approximate actual factory procedure in all of 
my experimental work, and, personally, I am satisfied that tlio results 
obtained will not prove misleading. 

At the present time wood pulp is manufactured by two distinct proe- 
essesi (1) the so-called mechanical process, which consists in grinding 
the wood into pulp by means of rapidly revolving stones ; and (2) the 
cheniical process, in which the wood is reduced to pulp by the direct 
'action of alkalies or acids. . 

'f, , The mecbameal . process is not .applicable because , of the phyBieal 
ntru'cturo/of bamboo^, hence the commercial utilization of this material 


for paper stock is limited to chemical means of pulp production. 

Until quite recently, it was considered that the add or sulphite ])j*oc- 
OSS was better adapted to certain species of woods than that of soda or 
alkaline^ and vice versa. In 1900 poplar was the only wood made into 
^hile^ in 190^- apmee, balsam, and some hard woods were 
al&on^h atatstics for 1907 show that over 95 
hj anlphite process was Spruce and 
it was employed becaufie of 

rwiaine to ho 

' ttetbnd of 
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Ail other raw or wa:=:te materials used in the indiistrV; siieii as straw, 
grasses, ragu hemp, and juic;, are almost invariably subjected to some 
alkaline method of treatment. Practical evidence that these materials 
are not amenable to the sulphite treatment is lacking. Tlieoreticallv, 
hot] I pj'oeessGs are applicable and should produce tlieir respective classes 
of fiber from the same librous vegetable material. 

Jt is well known that alkalies are more vigorous in their action upon 
vegetable structures than acids, and. therefore., are probably better adapted 
for those plants wdiieli are disintegrated with difficulty. It has always 
been believed that higldy mineralized vegetable substances, such as eei-eal 
straws, would not lend themselves readily to the snlpliiie process. 

Bamboo is highly mjjieraiized^ and, like straw, possesses a very hard, 
im])ervioiis siliceous coating. To iny mind, an experimental study of the 
degree of applicability of the present chemical processes of pulp man- 
iifacfnre to a new raw material should consider the physical structure of 
the plant in question as well as its chemical composition. 

One of the most common species of Philippine bamboos is a thin- walled 
vai'iety known locally as carta ho jo, a small bamboo {Sclilmstachtjiim 
‘ mucronaium Hack.). It grows in ratlier ill -defined chimps of 20 to 50 
stems each. The mature stems average at least 12 meters in height and 
6 centimeters in diameter at the base. Tlie stem walls vary from I to 6 
millimeters’ in thickness throughout the entire length, and the distance 
between the joints or nodes averages about SO centimeters, although this 
is much shorter near the base of the stem. , The nodes must 1)e removed 
for the sulphite process of treatment: for the soda process, I am inclined 
to tliink that tlie entire stem may he crushed and chipped, subsequent 
screening removing any uncooked portions. 

The sulphite process presents almost insurmountable difficulties in an 
experimental way, although it is well under control in its practical ap- 
plication. After numerous interruptions due to leaky digesters and a 
water supply rendered unsuitable by heavy rains, I was able to produce 
variable but conti^olled conditions of treatment, thus obtaining sufficient 
data for the general conclusions wliieh follow. These experiments were 
conducted approximately under factory conditions of treatment and gave 
' data upon flie , following points ' 

I. Method 0 :f preliminary preparation of the bam'boo for the digeS“ 

tion. > j: , / ' ' ■ ; , ; ^ , w — . / ■ „ w 

II. . The conditions of strength of;' iiquor> duration' and temperature 

' of treatment. ^ ^ ^ ^ ' 

III. ,YieM, bleach-consuming power> and cost of productioUi. 

' ^ 1136 bamboto «mf«»ha, 4 ge that i$, sboots of 

^ ^ imtsd s^arairfj 
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by varying the conditions of the digestion; the old(H‘ growtlis requiring 
conditions of strength of liquor^ temperature and time, which wouLl 
result ill considerable loss and the weakening of the iibers ot younger 
ones. The best results were obtained isdth whut I co.nsid(‘r to be two- 
year-old bamboo^ namely, shoots which h.ad passed ili rough, two lull 
seasons of groudh. At this stage in tlie life of the plant the slH,!ai}is 
whicli formerly siirroimded each node have fallen olf atul a crown o! 
leaves lias appeared at the top. Such a bamboo loses approximately oB 
per cent of its weight on being dried in the air and contains ahoiii 9 
per cent of nodes. It is sufficiently mature to give good yields of tlber, 
and it has not become too much ligniiied to be difficult to treat; further- 
more, its removal at this stage will not cause any injury to tim parent 
rootstock. I do not anticipate any trouble in seenring bamboo of unit'orm 
age if one or more of the following precaiitioiivS are observed : 

1. Young shoots of less than one year’s growth arc* very soft and 
tender. They have a troublesome sheath sinTOundirig eaeli node, but 
possess no leaves or brandies. 

2. Bamboos two years old have lost their sheaths and a crown ol; 
leaves has appeared. 

3. Stems of three years’ growth or more have a well-developed crown 
and branches extending halfway down the stem. 

Ail bamboos should be as completely air dry as possible in order to 
require the least time in cooking.® If this precaution is observed they 
will crush and chip into a much finer state of division than they other- 
wise would. An air-dry cane passed between a pair of crashing rolls 
cracks or splits longitudinally into strips varying from 1.270 to 2.540 
centimeters in width, and when these strips are fed into an ordinary 
cutting box, such as is employed for cutting corn stalks or other fodder, 
::&q'eMpS/,isepamtd more or less eoinpletely,.' still further into pieces from 
1.270 to 0.B18 centimeters in width.; Bamboo f owns much denser ^ 
vidual pi^es than wood and a subsequent crushing in a special chip 
crusher would prove very advantageous. No such /apparatus was at 
hand in the laboratory and therefore . all pr^iminary preparation was 
abo'^e. , Of course, ih practice,, the len^h;of The'Chips 
la a&ore, orgies ^at will. 

I would recomend as maehinea 7 to prepare bamboo, sets of crushing 
rolls of the necessary capacity and speed, and especially constructed 
chippers of heavier construction than the ordinary rope or rag cutters, 
but not nearly as strong and massive as pulp wood drippers. 

will probably bo necessary to, eonstnict cheap drying sheds in the mill 
yard for the storage of the inaterial during the rainy months of the year. 
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EXPEIililENTAL. 

DKiESTIOX OP THE FIJEPAKED DAMBOO CHIPS BY THE SLXPHITK PBOtESS* 

Bam]300 chips prepared as described above^ in lengths varying from 
1.2T0 to 2.540 ceiitiirieters. but uncrusbed, were well sereenod froni dust 
and dirt and packed into a stationary, upright lead-lined digester and 
heated wdtli direct fire in the presence of sulphite liquors o! cliiiereiit 
concentration and under varying conditions of temperature and time. 
Thirt^^-seven- separate digestions were inade^ but in no instance was I 
able to produce from bamboo a pulp easy to bleach with bleaehiiig pjovcdeig 
the universal bleaching agent employed in the industry at the present 
time. 

The process yields fully 50 per cent of unbleached pulp and with a 
much lower sulphur consumption than is required hi comiiiereiai prac- 
tice for wood. Well prepared, but unerusbed chips pulped readily with 
liquors of ordinary strength in six to eight hours, but the imbleaclied 
fiber was not as light in color as sulphite spruce and could only be used 
in the unbleached condition for wrappings, tags, etc., where strength, 
rather than color, is the important consideration. It is needless lo say 
that I varied all the conditions of the treatments in every conceivable 
manner with the main point in view of producing a pulp which would 
bleach readily, and with a reasonable consumption of bleaching agent, 
but without success. If bamboo pulp were most suited for use in an 
unbleached state, then the sulphite process should be adopted by all 
means,' but the material is not sufficiently light in Color to be mixed 
with mechanical wood pulp in preparing news print paper, besides it is 
too good a fiber for the latter or for wrappings, for wdiicli it is entirely 
suited so far as color is concerned. In my opinion, bamboo fiber is 
eminently fitted for paper for books and for certain grades of writing 
and lithographic papers, either alone or when blended with rag or sul- 
phite wood pulp. 

A few data selected from ' the . more successful sulphite experiments 
are given : 

Xabub I. 
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It will be noted that from 24 to 30 per cent of bleacliing ])(j\vder was re(iuir(‘d 
to produce at best a poor white, that is, 32 to 15 kilos of bleaching powder of 
the standard strength (35 per cent available chlorine) are refjuired for 50 kilos 
of unbleached j)ulp. This consumption is excessive, and il forms the greatest 
objection to placing a haniljoo pulp prepared in this way on tbc: market. Ksparto 
ret^iiires 5 to 7.5 kilos and wood 0 to 12.5 kilos. The consumption of siil[dnir 
is low and no account was taken of a certain ])c;rcentage of reeoviU'v which is 
always possible in practice. In sulphite ’wood pulp niaiiufacluro, 150 to 175 
kilos of sulphur are usually required for the production of a ton of })ulp, altluuigh 
recent attempts at more efficient gas recovery have brought the sulphur ei>n- 
suniption per ton of pulp doum to 115 kilos in some eases. 

The time required to produce aii ajjpai’ently well-cooked pul[) wus from six to 
eight hours. This is in keeping with modern tendencies, and a rather weak 
liquor (No. 3) produced as good a yield and a rather betier blenching pulp iliuii 
did a strong liquor (No. 2). 


Aside from tlie poor bleaching jjropertics of bamboo siiI.])iiito (iber 
prepared under the above conditions, there are other factors, both local 
and general, which tend to preclude the use of the suljtbite process oi‘ 
treating bamboo at the present time. 

1. Bamboo fiber appears better suited for book printing and litho- 
graphic papers than for wrapping or news printing paper. This being 
the case, bulk, softness, and opacity, which are the eliief features of soda 
fiber, are what is desired. 

While .sulphite fiber also enters into the composition (h’ some, grades of book 
paper j this is probably due more to a question of the cost of production, or the 
applicability of the raw material to the process, than to any inherent qualities 
of the fiber itself for the particular purposes. Suljfiiite fiber produces the 
stronger, harder, and more transparent .papers demanded for tags, labels, wrap- 
ping and news printing, and the cost of soda fiber is such that it is particularly 
suited for blending with sulphite wood pulp, or with rags to produce the better 
class of book printing and even certain commercial grades of writing papers. 


2, It is undoubtedly true tliat the sulphite process costs less tlum the 
ottier for chemicals. Sulphur, at present cjiiotatioris, can be eonvivrfced 
intO' sulphite. liquor apd throTO away^ after use 'at lesstexpense than the 
mat of.^soda 'actually, consumed plus the cost of its recovery. However, 
the local supplies/', of 'KmestoBO are better adapted for making soda tlian 


sulphite liquor, i 

While a straight limestone cm be, and is, used to some extent for 
making sulphite liquor, a doioinite^ that is, a stone carrying a high 
pereeuta^ of much psreferred. On the other hand, a good 

liwfor MiouM be as low in tntgnesia a$ pos- 

tfen found in the Philippines. 

the ptherj 

would have to 
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3. According to Little/ the litodem teiidencc in operating the iiihiliitt? 
process is more toward the use of strojigxn* snip] lire litpioi's than t'orinerlv. 
])arlienla]iy in S^YedeIl^, where lifpiors carrying 5 ]jer cent or more of 
total sulphurous acid are being enpdoyed to advantage, the quantity of 
pul]) being improved and a better recovery of gas obtained. There is 
also a tendency toward a shorter time of cooking and there no longer 
any doubt but that ].ailp of first quality can he produced in seven hours, 
or even less. Of course, this means increased output from the same plant. 
It will prove to be difficult to make the stronger liquoi’s and to main tain 
tlieir st]'ength under tropical conditions of teni])crature. and this I'act 
will place any attempt to manufactuTe sulphite jJiilp liere at a disadvantage 
iri competition with pulp manufacture in temperate regions. Even in 
tiie ITiited States of America and in Canada, considerable trouble in this 
respect is encountered during tiie summer months. Only one material 
advantage would be possessed hx pulp manufacturers under the prevailing 
local conditions of tem])erature and this could be a smaller loss of heat 
]>y ]*adiation, but this gain of course applies to any chemical process of 
cooking fillers with steam. . During the winter months of the year this loss 
is a very material item of fuel expense in temperate climates. High 
temperalures have no deleterious effect on the liquors used in the soda 
process. 

T. The initial expense of installation of the two processes^ sulphite 
and soda, is apqiroximately the same if the most modem equipment is 
purclmsed. If there is any difference it is in favor of the soda process. 

5. The cost of maintenance in otlier places is considered to be about 
equal between the twOj hut in the Philippines I am inclined to think that 
it would he lesss for the soda process: First, because this method does 
not demand quite as many skilled operators/ and, second, the sulphite 
digester linings are a constant source of trouble, wheixas the improved 
form of welded soda digesters leave nothing to he desired in this respect. 


THE SODA PROCESS ON BAMBOO. 


It was found as the result of re}>eated trials with caustic soda liquors 
under varying conditions of. strength, pressure and duration of cooking, ^ 
'that bamboo chips prepared as outlined above invariably yielded 43 to 
45 per cent. of air-dry, unbleached fiber under the following conditions,: 


1^’) ' upright ' cjhucirical stationary .'digestors. 

(b) Direct ,Ij[ve4feam heat. 

(c) Fifteea EO/'per iseiit pi 70 .per Oept. ''eapstic' "soda' calculated oa 

air^dry^ raaterial. ' ' ' ' v ''V' ''' h.‘ ■ y' 

(d) A (juration df cookirig of four to six hours. 

, ' maxlmtnn' temperature idiO® <J, <32^° IP.) corresponding to a steato 

piwsnre of 41 Kilos pounds)* 
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Fiber thus prepared bleaclierl to a splendid while with to lo per 
cent of bleaching powder. The fiber was strong, of gooil felting capacity,, 
and it made a more bulky sheet than wood pulp, ilainboo .fibers average 
2.5 to 3 millimeters in length, so that they arc sonuuvhat longer and 
iiiaterially narroAver than spruce fibers. 

That bamboo is readily resolved b}' the soda proeevs of treat intoit to 
a liber Avhich is easily blended has been prove<! be3'urid doubt, and further 
experiment in this direction is scarcely neciissaiw. Tiuj fi])er possesses 
the requisite length, strength, and felting capacity to meei tin^ paper 
laakeFs demands, and the (]iiantity of resistant cellnlose per unit weiglit 
of the rare material is siiiheient to warrant its exlraction. Tberclorc, 
those factors other than va\r iiuiteriai Avhicli control the economic use of 
bamboo for the purpose in qiiOvStion alone remain for discussion. Ihe 
whole problem resolves itself into determining the cost of placing’ a ton 
of the finished product upon the local or foreign market. 


COST OR THE UXW MATEKIAL. 


While a considerable amount of bamboo is annually removed from 
the public forest for various purposes, it is not taxed at the. present 
time, hence no statistics of the quantity thus consiiraed ai’c at hand. 
Furthermore, the imsj’stematic state of the present industry affords 
BO reliable basis for estimating the cost of eolleeting large (]uantiiies 
of the material under well-organized conditions. The price at whicli 
bamboo can be obtained in the open market and the items of cost winch 
go to make the present market rate are for the moment the only reliable 
source of information. Bamboo can be obtained in Orani, Bataan Prov- 
ince, at from 8 to 12 pesos per 1,000 stems, averaging 7.6 meters in length, 
according to the season. 


.'The present method of cutting and transporting the bamboo from the public 
forest, s to the Orani market may be taken as in use elsewhere, ilironghoui the 
Philippines, The bamboo stems are chopped off with a heavy knife about 1 
meter ;from the ’'ground, ’trimmed' into^ lengths 'of ''7.5 'meters, and bound into 
com, pact buH'dleS; hf '50 'steni'S each for convenience ,in hauling. 

The bambCoB are cut/trimmed and bundled at the rate of 30 to 40 centavos 
per 100 stems. The bundles are hauled through the forest for a distance of 1 to 
2 kilometers to the Colo River and then rafted down the stream $ to 5 kilometers 
to Omni ' . 

An average day's work for a nmn and carabao consists in hauling 6 bundles 
or OOO stone fitan tWfoJrei^ 'to the ..rivet at a eOst of 1 peso to 1 peso and 25 
'ematavos*® ' The labbr 
.rtvet'/iatihs hniim' $' 
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It is to be noted that the above figures refer to the limited and un- 
organized indnsirv of supplying tlie seacoast towns with selected barii])oo 
for building purposes. It will readily be seen that present costs are 
e.xcessive and of no value except for illustration and comparison and 
tlic}^ may be reduced by iinpi’oved practices. At the same labor cost of 
cutting the A'ield per unit area may be considerably increased by em- 
ploying stems oi gi'eater length. Over 50 per cent of the present cost 
is eonsiiineil in land transportation by an obsolete method which would 
largely be eliminated by the use of modern methods of conveying the 
bamlioo to a central factory situated near the x^laee where it grows where 
good, clear water for manufacturing purposes is available. 

QUANTITY OP BAWBOO AVAILABLE. 

An experimental cutting for the purpose of deterniining the \ield of 
commercial bamboo per unit area was made nncler the supervision of the 
Philippine Bureau of Forestry, as follows: 

Location 5 kilometers (3,1 miles) southwest of Laraay, Bataan, 3.75 kilometers 
(2 miles) in a direct line from the seacoast. 

Date cut, September 17, 1909. 

Dlevation, 80 meters (250 feet). 

Area of plot^ 30 by 33.3 meters (0.1 hectare), 

Numl)er of stems cut from- the plotf 1,075. 

Length of the weighed stems, 7.5 meters (25 feet). 

Green weight of 1,075 stems, G.181 metric tons. 

Air-dry weight of 1,075 stems, 3.524 metric tons. 

The plot selected was fairly level, which facilitated the cutting; in other 
respects it was considered to be representative of the average stand of commercial 
bamboo over an indefinite area in the immediate vicinity. The plot was cut clean 
of all standing bamboo, each stem was severed about 0.6 meter from the ground^ 
trimmed into lengths of 7.5 meters and then cut into shorter sections for con- 
venience in xveighing; 

Later, on October 25, the plot was again visited and 12 bamboos over 9 meters 
(30 feet) in length were cut, sawed into short sections, and weighed. They were 
then crushed, baled, and brought to the laboratory for a determination of the 
air-dry weight and the percentage of nodes* The green weight of 12 stems was 
86.36 kilos, or 7.2 kilos per stem; the air-dry weight was 49 kilos, or 4 kilos 
per stem ; the air-dry weight, minus the nodes, was 45 kilos, or 3.75 kilos per stem. 

.'A^pplying the^'data thus obtained to the figures of tiie' yield on the 
''experiinental plot^ it is ^ seen 'that 0.1. hectare 'would yield fully, i metric 
AohSi ' of .air-dry' material free ' from nodes^. and that this 'weight is rep-, 
resented by 1,07'5 stems, or the approximate unit of fuanti"^ ujKin wMdi 
the present labor costs of cutting and handling are based. , Four metric 
tons of bamboo will produce approxim«|tely ^ short tons of pulp* Even 
at I'O pe^os per^th-ousmd which; is the ayerago in 

#10 eoft^ol sufficient ^ pinhe a.'hln, ot at 'fee y«y’ 
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attractive figure of 2.50 pesos, as compared with about rtO pesos, as the 
present cost of 2 C(3rds of pulp wood, the amount rerpiircMl to make a ton 
of wood pulp. 

Jn order to detennine if there is a sufficient area of ))amh()o in the 
Piiiiippmes favorably located witJi respect to find aiul other man uL'a(d tir- 
ing facilities to meet the demands of a pulp mill of jiiodeiute capacity, 1 
traversed neaidy 100 kilometers of the forest ]>atrol trails of ].>ataan 
Province in October, 1909, and I can state positively that there are a 
number of areas of bamboo of uniform stand witliin 5 kilometers of 
the seaeoast, any one of which rvoidd supply a pnl]) mill of 20 tons 
daily capacity indefinitely. In every case a stream of good, clear water 
is close at hand and wood for fuel is both cheap and ahiuidant. 

An area of 1,000 hectares of bamboo would supply a pulp mill of 20 
tons daily capacity for three years of 300 working days eacii, not taking 
into account the growth of the bamboo during tiiis period ; or, working oti 
a three-year rotation, which is entirely feasible, siieli an area wumld supply 
a mill of this capacity indehnitely. Since an area of 2 Icilometers radius 
contains over 1,200 hectares, it is seen that the question of transportation 
of the material to a given, point, so far as the distance of the hauling is 
concerned, is not a serious one. 

COST on MANUFACTTOE. 

The cost of pulp production, exclusive of that of tlie raw material, 
may conveniently be divided into the following items: 

(1) la!>or; (2) fi|eb power, etc.; (3) chemicals and supplies; (1) repairs, 
renewals, depreciation; (5) taxes, insurance, interest. 

These items of cost will be discussed in some detail in order to show 
the effect of existing local conditions and to indicate where in, if any, 
advantages exist in favor of pulp manufacture in the Philippines. 

lABOE. 


I' believe a distinct advantage will eventually result in this item in 
favurmf the'Fhilippines, although this will be slight in the initial singes 
of ’the" infeetry, / 

Pulp manufacture required skilled labor in its numerous departments, 


for the quality of the finished product calls for close attention to details 
from the tttne Ihe rtw Material is landed in the mill yard until the 
ptofact fef shipment. Certain phases of 

the attending teethe machinery, 
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by local labor; and the poorer and repair plants can be operated by 
trained Orientals from the start. 

Pulp-mill workers may be obtained from a number of sources. Generally speak- 
ing, Americans and Canadians rev'-dw double the wages of individuals of the 
same class in Europe. Sueli being the ease, it would be advisable to depend upon 
skilled labor from Europe, and it is safe to assume that practically double the 
wage scale obtaining in the home land would be demanded. This would place the 
labor cost of pulp manufacture in the Philippines on a par with that in the 
United States and Canada, but at a disadvantage with respect to Europe. This 
would distinctly be noticeable when it came to invading the European market with 
the manufactured product. 

However, there are numerous occupations connected with pulp manufacture, 
suck as plumbing, carpentry, blaeksmithing, saw filing, knife grinding, masonry, 
tiring, etc., for which satisfactory Oriental labor is available; furthermore, the 
demand for semi- or unskilled labor in a pulp mill is great and herein lies what- 
ever adA'antage the manufacture of pulp in the Pliilippines would possess over 
Occidental localities. 

The following estimate refers to the industry from the time the bamboo is 
delivered at factory site until the air-dry unbleached pulp is baled for shipment; 
it is therefore e.xclusive of all costs of collecting and transporting the bamboo from 
the forest to the mill, which latter is included in the expense of the raAV material. 

I. In ihe imnl. — Including all handling, sorting, piling and conveying the bam- 
boo from the yard to the mill ; sixteen Filipino laborers. 

II. In ihc preparing room,— One head European preparer in charge of sawing, 
chipping, crushing and screening the matexual; six Filipino artisans. 

III. 1 % the liquor-making plant, — Two European alkali makers; tAVO European 
evaporator men; six Filipino helpers. 

IV. In ihe digester room. — Two European head and two second cooks; six Fili- 
pino helpers, 

V. In the pulp-machme room, — Two European machine tenders; four helpers of 
the best grade of local labor; four laborers. 

VI. In the potoer plant. — One head and one second engineer; tw^o head firemen; 
six laborers, all Filipinos, 

VII. hi the repair plant. ^ — One machinist and electrician; six artisans, all 
Filipinos. 

Sumtnarg, 


Pesos, 


30 employees, exclusive of superintendence and mill foreman, 

at t> pesos per day fiO.OO 

4 employees (best grade of Filipino mechanics), at 4 pesos 

|)er day 16.00 

18 employees (Filipino artisans), at 2 pesos per day. 36.00 

38 employees (Filipino common laborers), at 1 peso per day.. 38.00 
Superintendence, stenogi*apher, paying and shipping clerks,.../ 30.00 

Total ' 180.00 


At least TO skilled pulp-mill worker^, 'that iSi alkali makers, recovery, :plU*ni' 'then, 
cooks, 'and' , pulp-machine tenders will need 'to be obtained abyoadi ; This 

number is^ necessary because their', respective departments bpemly',''euhtinupusl!f''',in' 
two ,: shifts of eleven , ah'd ^ thirteen ' ’ hours, respectively. ;; 1 8 „,artiShnS 
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will be required to supply tlie demands of tlie power and repair plants and 38 
unskilled laborers will be necessary for liandling materials and supplies; wasliing 
and screening stock and as helpers in the general routine of a pulp mill. 

The estimated cost of the different grades of labor requii-ed is eonaidered by 
me to be Tery conservative. The amount given is eouslcleral.)Iy niore ilian double 
the average wage of European pulp worker.s, and 2 pesos and 1 peso lor skilled and 
unskilled labor is in excess of the prices of such labor in other local in<lustries at 
the present time. Based on a daily production of 20 tons, which is approximately 
the nilnimnni of economic pmodnetion in the industry;, the estimated daily cost of 
labor is only 9 pesos per ton of output, which is a very favorable expenditure as 
compared with that in the United States and Canada, wiiere tliere arc larger units 
for pulp production operated in conjunction with paper mannfaeture, bnt with a 
labor cost ccptal to the above in many of the departments. 

powmR. 

The cost ol power, next to the cost of la])or, probably enters into the 
total expense of iiianiifactnre to a greater extent, than any other element. 

Tlie making of chemical pulp requires steam for heating the digesters 
and for drying cylinders of the ptdp machine, so that only under very 
favorable circumstances is the initial cost of a water-power installation 
■warranted. 

The henvy power consumption in hauling, barking, sawing and chipping wood 
for chemical pulp does not enter into the estimates of the requirements of a 
plant utilizing bamboo. The niateidal is light and is easily handled, there is 
no bark to be removed, and comparatively light saws, crushing rolls and chippors 
are all that are required to place this raw material in a condition suitable 
for the digesters. I estimate that 25 horsepower will perform all the work of 
the bamboo-preparing plant as compared with 100 or more horsepower in the 
wood room of a chemical wood-pulp mill of the same capacity. 

There is much to be said in favor of water pow'er in respect to the low cost 
of maintenance and the small operating expenses, but in this country the incoii- 
venienee of locating the plant with dxie regard for the necessary capacity for 
water storage and the evident variations in water level because of climatic 
changes, argue against its economic value. 


Imported wky either Australian or Japanese, \ form the bulk of^the 
fuel employed by the looal' industries at the present time. 

The present quotations on these coals are 0 pesos and 50 centavos to 10 pesos 
and 50 centavos, ex-ship Manila, with an import duty of 60 centavos per ton. At 
least one local source for coal nmy be eomsidered to be fairly well developed. Tlie 
Bataan Coal about feixiy hours* steaming distance from 

Manila, are at pr#f^i-'"teping'ou4^ tons of coal each day^ and loading it on 

^ board! ship at ^ |^r ton# A lower price than 

might bte , The capacity of this mine is now 
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and inetliod of firing tlie local coal, have already been published by A. J. Cox." 
of the Bureau of Science. 

In Bataan Province, wood, as a fuel, appears to be both cheap and abundant, 
if it is considered in eonnection with the timber iiidiislry, which is already well 
developed. "Waste materials from the timbering operations, such as slabs and 
the limbs of hard resinous woods, which now for the greater part are allowed 
to rot, could be used, and, in addition, the standing limber of the bamboo areas 
and llie niiingrove along the seacoast are available for find. 

CHEMICALS. 

The chief argument against the introduction of a paper-pulp industry 
in the Orient has been the cost of imported cheniieals. It is true that 
in tliis respect a local industry would be at a disadvantage in coniparison 
with the loudiiig pnlp-prodiicing countries. The United States, Canada, 
and Euiope possess well-developed industries for quarrying and burning 
limestone, and it is sale to say that the production of lime, the material 
so universally employed in the chemical pulp indastry, is economically 
developed in those countries to a maximum degree. Limestone or marine- 
shell deposits are quarried and burned in the Pliilipphiies in sufficient 
anioimt to supply the present demands, but the indiistr}^ is practically 
undeveloped. 

A 204oii soda pulp mill -will annually consume approximately 2,000 tons of 
well-burned lime. To produce only this limited quantity would require a plant 
of comparatively small output, ’which would be run spasmodically, and although 
the advantages of cheap fuel and labor ’would probably partially offset these 
defects, it can not be expected that lime could be produced here for less than 
the maximum cost of manufacture in other countries. 

Tlie cost of lime inaniifaeture in the United States varies from 
one dollar and twenty cents to two dollars and ninety cents per short ton. 
This corresponds to from 4.2 to 10,15 cents for 35 kilos (per bushel 


of 70 pounds). 

The cost per ton is divided as follows: 

Cents, U. B. 
currency. 

Interest on the cost of plant and quarry..., -5*"20 

Taxes and minor supplies.^. I- 10-15 

Cost of quarrying '2 tons of stone.:;. ' 50-90' 

Cost of fuel for burning 2 tons of stone S0-75 

Cost of labor exclusive , of quarrymen... 20-30' ' ^ 


The niininium . estimate of $1.20 United ^ States : currency might ; be 
attained , by ^ a good modetn plant riuming steadily, under '' exceptionally 
favorable conditions as regards quarrying, fuel, and labor. The maximum 

'''3, 301. 
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of $2.90 could easily be exceeded in a small plant or one operated 
nnsteadilvd^ 

Caustic soda, soda asli or sodium sulphite, according to tlio modi (lea- 
tion of the process which was to he adopted, would need to be iin]M)rte<i 
from Europe or America. Based upon the present quotations and al- 
lowing tlie very conservative estimate of ten dollai’s pei* ttrn for freight 
from New York via Suez, caustic, soda, c. i. f. Manila, is forty- five dollars 
per ton. 

Ill tliis connection it seems to me tliat tlie question of tlie electrolytic decoin [)osi- 
tion of salt brine for the si in ill ta neons production of liquors for alkaline digestion 
and for bleaching should seriously be considered, for tlie local salt would thus ]>e 
used for furnishing an expensive commodity otherwise iuiportiid, and the problem 
would be solved of manufacturing bleached fiber, whieb otherwise would he out of 
the question locally because of the extremely high freight rates on bleaching 
powder and its great tendtmey to lose strength during transit and storage. 

The commercial production of alkalies and bleach by this process, alfcliougli of 
comparatively recent origin, may be considered as well past the experimental 
stage. The Townsend cell used at Niagara for the electrolytic production of alkali 
and chlorine has been in continuous operation for over four yeai^s, and a high 
efficiency and low initial and maintenance costs are claimed for it. The strength 
of the caustic liquor can be regulated at will and the cfdl is on the market in 
capacities of from 2,000 to 6,000 ampere units. 

The Whiting process for the electrolytic production of alkali and ohlorinc is 
regarded as exceedingly economical in its use of power, and to require a mininniin 
amount of labor in its operation. It was recently developed by Jasper Whiting, 


Approximately 1,200 tons of lime are annually marketed in Manila at the 
present time. This is for the greater part water-slaked lime made from coral 
deposits at Malabon on Manila Bay, and from the stone quarries at Binangonan 
on Bay lAke. A much better source of limestone of a goofl grade for tlie proposed 
industry is in the marble outcrops on Romblon Island, situated about 100 miles 
from Manila and in nearly a direct line with the local coal supply. The deposits 
are situated on a well -protected, deep*water harbor. The proximity of the town 
of Eomblon insures labor for quarrying and hauling. The deposits arc prnciically 
unlimited and the stone burns to a particularly fat lime, especially free from 
iron, saady^nnd magnesia.' As there 'is no fuel at Romblon, the limestone would 
have to be transported to a more 'favorable plhce for burping. 

'The following’ information is given as a basis for estimating the cost of quarry- 
mg' and; ti»napbrtihg atone ' under local conditions •.'''The city, of Manila' is paying 


one peso and twenty-Sve centavos per cubic meter of road material in quantities of 
50,000 cubic meters (approximately 75,0()0 tons) annually. This cost figure in- 
cludes quartyrng, stUam-oruoMng,; tvunsporiing for about |'t ' kilometers by water 
and ulnoading. i^early Of the «iibove cost is for steam-crushing, which is 

U»pcqssar3^ % estimated that quicklime could be', 

|or <^ . n^puf actute elsewhere, vi^, two pesos 

and nimaif based upon the cost of quarrying 
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of Boston, and installed in the Oxford Paper Company'?, riiUls. at Piiiiiford Falls, 
Mainej and in the soda pulp mill of the New York and Pennsylvania Company, at 
Johiisonsbiirg, New York. The latter company maimfaetures 75 tons of soda pulp 
per day. and makes all its alkali and bleach liquors by electrolysis, 

z\.t the present time only about 8h)0 tons ot* caaide sea salt are inaiiuiae- 
tiired by solar evaporation of sea tvatcr on tlie shores of Manila bay. 
A 20~toii soda palp tvould reqnire approximately 4 tons ol salt per 
day, hence tlie present small eapaeitv for production would need to be 
consi der ably in creased . 

REPAIRSj RENEWALS, AND DEPRECIATION. 

These items, tljc V'orid over, arc heavy in the pulp industry. The 
average life of a soda pndp mill 'is variously estimated at fr()m seven to 
ten years. The great distance from the base of supplies will necessitate 
tlie carrying in stock of a full line of spare parts which, of course, 
augments the nionthlj' repair cost item by the arnoimt of insurance and 
interest on the investment. 

TAXES, INSURANCE, AND INTEREST. 

Bamboo is not a taxed forest product at the present time, In the 
event of its commercial exploitation an internal-revenue tax of about 
10 per cent of the market value of the bamboo would ]»robably be 
levied; this, based upon the present market price, would be, on the 
quantity required to produce a ton of pulp, S5 cents United States 
currency. 

At the present time an internal-revenue tax of 0.33 per cent is also charged on 
the gross sales of any local business. Data are not at hand for comparing the 
cost of property taxes, insurance, and interest with similar charges elsewhere. 
Manifestly, in calculating the total cost of production per ton of product, the 
annual taxes levied on the plant, insurance carried, and the interest on the 
investment should enter. 

It will be seen from the above analysis of the cost of mainifacture;, 
that any commercial advantage possessed by this locality as a suitable 
place for a pulp industry must lie in the other item which goes to make 
up the total cost of production, namely, that of the raw material. 

The' following is an estimate, in dollars iTnited States currency, ^ of 
the cost 'of' mill designed'to manufacture paper pulp from bambood®'' 

» “ This ’"estimate, in, so'' far 'as it 'regards’ the equipinent, , is based upon, ' itemized 
estimates from several American and European sources, carefully revised by Her- 
bert S.v Kimball,, chemical ®agiaeer,,,aud'"'mill Architect, ol Boston, Ma«achusett$, 
I Wish 'to. take, tins, 'oppO'rtun'ity 'oT heartily Thanking him< for Ids eourt®^, 



96918 - 
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equipment. 

I. IN THE MILL YARD. 

Donkey engine and hoisting crane 

Trucks and tracking 

II. BAMBOO-PREPARING PLANT (WOOD ROOM). 

Slasher - 

Conveyor ( to chipper ) 

Chipper 

Crusher - 

Chip screen 

Conveyor to chip bin 

Chip bin 

Knife grinder 


1 .000 

1,000 


1,000 

100 

750 

000 

800 

500 

200 

300 


III. ALKALI-MAKING PLANT. 


Battery of leaching pans for black ash 

Pump for leacher 

Tank for recovered soda solution 

Elevator and scales 

Six causticizing tanks with stirrers 

Pump for strong and weak liquors 

Two storage tanks for cooking liquors 

Pump to fill digester.. 

IV. SODA-EECOVERY PLANT. 


2,000 

110 

300 

400 

3,000 

110 

1,400 

200 


Storage tank for weak black liquor fronj. digester. 
Pump to evaporator supply tank and for wash pits. 

Evaporator supply tank 

pump to tank supplying furnace..'. 

Multiple effect evaporator - 

Tank supplying black ash furnaoe- 

V Bl&ek. ,ash furnace 

Bteam boiler to utilize waste heat from furnace 

Conveyor for black ash to leach tanks 


400 

no 

300 

no 

12,000 

200 

3,000 

1,800 

200 


■::y, plant.' 




PHILIPPINE FIBERS AND FIBROUS SUBSTANCES. 


251 


VI. POWER PLAN-T. 


Steam engine for main millj 325-iior3epower 5,000 

Steam engine for wood-Xireparing room, 100-liorsepower ],500 

Four steam boilers, each 200-horsepower 7.500 

Feed water heater 

Feed pnmp [ 3,000 

Other boiler-house equipment except piping j 

!Main pump 300 

Tank for fresh water gOO 

Tank for weak soda washings 000 

Shaftings, belting, etc. fall power transmission), with labor.. 4,000 

Piping through mill with labor 7,000 

Filter plant 2,500 

Electric lighting plant, wiring, etc 5,000 

YU. MISCELLANEOUS ITEMS, 

Foundations for machinery 1.000 

Labor not counted for, (erecting machine, etc.) 1,000 

Fire protection: hydrants, pipe, and pump 2,500 

Shop and tools 1,500 

Spare parts and i*epair stock ■ 1,000 

Office fittings 1,100 


Total 110,000 

Cost of construction work, buildings, installation, etc., based 
on estimates on specifications submitted to local con- 
tractors 25,000 

Launch carrying supplies, towing coal and limestone barges.. 5,000 
Barges, limekiln, ti-ucks and portable tracking from tide 

water to mill site 20,000 

Working capital 40,000 


Total 200,000 


COKOLUSIONS. 


It i$ believed tiiat 20(\000 dollars TJnited States currencj is sufficient to 
build, equip, and operate a soda pulp mill of 20 tons capacity daily. 
Such a plant built in a modem manner and efficiently operated will 
produce unbleached air-dry bamboo fiber, at a. maximum cost of 21 dollars 
per sboii ton, 1 o. b.' Manila. If the excellent quality of bamboo soda 
pulp^ prepared under favorable conditions Is considered, a' pro'fitablf export' 
trade^ mtb Japan,' Europe, 'Australia, and fee 'FteifiC coast,' ;in 'direerfc' 
competition wife chemical wood pulp at present quotations, appears a 
not' unreasonable' expectation.: ■ ^ : 'F' : 


One consideration it seems to ,me is of especial importance, and that 
is the i^eUBonable possibility of obtaining tiie raw mateml in^snch qnanr^ ' 
tity and at such a figure m sflow of anannf aotef 
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coimeeted therewith^, supplemented by careful field suiTeys, and due 
regard for the local conditions bearing upon tlie subjctdo 

PlilLimXE nAPEli-.UAKTNUJ MATEKLAj.8. 

A revival of interest has recently been sliown in cogoii grass as a 
source for paper stocd':. by a request from leading papc'r nnuniiacdurer 
in the Fnited States for 2 or 3 tons of tlie baled material for a i!ioroiig-h 
trial on a commercial scale. Cogon graSvS, it u-ill be remeinijered, was 
studied and reported npoii in This Journal for Juno, lb Ob.’’’ 

Ai the time when several large estates in tlie i\Ialay Peninsula Avere 
cleared for the planting of rubber trees, attention was directed to tlie 
possible use of a grass called laJang, indigenous to that locality. Doctor 
FoxAA^orthy, botanist of the Bureau of Science, Avlm recently lias returned 
from an extended trip throughout the jMalayan regions, makes the fol- 
lowing statement regarding it; "’'■’One of the few things of which we are 
absolutely certain is tliat lalang and Philippine cf)gon are botanically 
identical.” 

Cla 3 don Beadle, a British pulp and paper expert, published in the 
WorkPs Paper Trade Eeview for July, IDOT, the following rc]3ort on 
the use of Mmg grass for paper, based upon an investigation made liy 
hhninl891: 

• Experiments on 50 pounds of material showed that the gra.ss eouhl b(^ cooked 
to a pulp in five hours at 50 pounds pressure with 15 per cent of its weiglit 
of caustic soda. It bleached white, consuming 10 per cent of its weight of 
bleaching powder. The fiber is longer and thinner than esparto grass fiber, 
bulks equally ’well and gives a tougher sheet. L'nVJeached, sized, and mixed 
papers of lorlung grass pulp have not deteriorated since they Avere made, about 
fifteen years ago. The paper takes a good surface under the calendar, and will 
carry the usual amount of loading. The fiber yields 40 per cent cellulose as 
compared with 48 per cent from esparto, and the (‘ost of treatment is about 
'the same,” ' ■ 

This report on the suitability of lalang grass for pa])er making wan 
further confirmed by Bemington, in 19Q8, whose investigation is given in 

Mh" rd., , ' ‘ 

i4- ^ A' dA y ' y 

Cyril! J as a PArER-MAKrisro MATinuAL. 

’ of Wang grass recently to England, 

se^mples of paper made from lalang 
cotton; 
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vestigatioii, that its commercial use as a source of pulp for paper making might 
be ascertained. 

The object of the present report is to draw attention to the importance and 
value of this grass as a pulp-jtroducing material, and to indicate its chief 
characteristics and economic value. 

The sample was a pale huff color, lustrous in appearance and of fair strength, 
of the order Graminei'e. 

The chemical examination furnished the following results, the percentages 
other than that of moisture being expressed on the dry material: 


Moisture 13.*21 

Ash - - 4.14 

Loss on L. hydrolysis 10.76 

Loss on B. hydrolysis 46.f55 

Loss on mercerisation - 31.62 

Loss on acid purification - 0.95 

Gain on nitration - 21.19 

Cellulose 47.41 

Length of ultimate fiber (mm.j 1.20 


Tlie ultimate liber obtained from this grass is very similar in most respects 
to esparto ; the yield of bleached fiber being about the same. This is a favorable 
indication, inasmuch as “esparto’* is one of the best known and most useful 
sources of supply to the trade. The fibers as seen umler the microscope are 
short, smooth, cylindrical, fairly uniform in diameter, gradually tapering to 
rounded extremities j they also occur together in little bundles. The pulp will 
be found to contain a number of small cuticular cells which, however, do not 
show in the finished paper. The fibers are stained a pale yellow with iodine 
solution, which fades more rapidly than is usual with colored pulps. 

The results obtained from the chemical analysis show that the grass is capable 
of yielding a good quality of cellulose, suitable in every way for the manufac- 
ture of paper. Although the grass is very susceptible to the action of dilute 
alkalis, the final product is exceptionally pure and readily resolved. 

From observations noted during this preliminary examination, the following 
scheme was adopted for the production of the pulp on a larger scale. 


PROCESS, 

The available grass in its natural condition weighing 400 grams (14.1 ounces) 
was in a clean state, and required little treatment beyond cutting into small 
pieces ready for boiling. It is usually necessaiy’- on a large scale to pass the 
material through some type of cleaner to remove dirt and adventitious matter. 
The grass was then thoroughly wetted and soaked until it , became, soft and 
pliable. It was placed in a boiler of the spherical type,, covered with water and 
digested with .caustic soda corresponding to 15 per cent, on ^ the grass , treated 
for a period of ten hours under* a pressure which ’was kept constant at 4, atmos- 
'phe.reSj an .even temperature 'about 135*^ C." 'toeing * niiaintained. '■ ^ ; 

Owing, to the quantity., of ,. JUatetial. at out' disposal being somewhat dimitodj 
'.'it was only' possible to epnduct,. one e^^riment* ’.pO,nsequently a good margin 
'.'’in' the.' use of caustic.' '.an<^''d^ee ,o£ .generaji trehtoent was allowed. 

The pulp obtained after washing was of good uniform quality and color. The 
' jlbld agreed very closely and was mly Sflightly hi^r than the prellmiujte'j 
, lanalyeis ■ 


ns^ 


'‘4’ '''i ’ « 

**? / 1 4 1* >( li. 1 ' " ^ ’’l 5 ' ^4 i'' 1? 1 / ''iJ ' il If* !i # { f V 
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The stulT was taken from the beater and well waslied and subsotjuently a 
small qiiantitj of loading was gradnally added and the whole again beaten 
for half an hour. At this stage of the operation the rosin size n'as introduced 
and the decomposition of the soda resiiiale completed with the calculated quan- 
tity of alum. The amount of size used cozTespondcd to 4 per cent on the 
dry pulp present, the total time ocetipied in preparation of the pulp for running 
on tlie machine being two hours. 

PBEPABATION OF PAPER. 

TTo great diiliciilty was experienced in running the pulp; it retained, however, 
a considerable quantity of 'water after passing the suction boxes and in (*on se- 
quence it was found necessary to keep> the press roll down hard. On a hirge 
machine this precaution would not be necessary, as more suction boxes are 
available and complete control is assured. 

The paper was passed over 0 cylinders at a pressure of about 8 pounds to the 
square inch, then through one calendar and finally reeled off. J'n a similar 
manner a second sample was prepared, using a mixture of lialf pulp obtained 
from the lalang grass and half cotton beaten together. The paper obtained from 
this blend could prove very useful as a high-class wrapping paper, it being 
stronger and possessing a comparatively high resistance to folding, as will be 
seen in the following table of physical tests done on the finished specimens of 
papers. The paper made from “all-grass” pulp would with judicious treatment 
for improvement of color be very suitable for printing purposes. 

The following table of figures was obtained and compiled from tests and 
analyses made on the air-dried finished papers. 


I Pbysical properties; 

I ' ' Breaking strain — 

Stretching 

Rubbing test- — ' 

TMhknefes— — . 

Chemical constituents; 

' RoSto'SlTO----- 
Asli (natural and loading) , 


pounds— 

per cent— 

per cerit-J 

inches— 


.—per cent- 
.-..'per cent- 
.--percent— I 


Pure 

lalang. 

JlalJ 
laUmg, 
Half ('Often, 

8.37 

: »8.88 

l.OB 

1.85 . 

.27 

. 151 

3/125 

|, . 1/234. 

^2.20 

^2.43 


i>1.94 

no. 40 

^‘8.68 




5 of ■' 'T ' ' , ■ ' ft 'On the dry paper. 

The adatiem of cotton to the pure lalang fiber has the efi^ect of improving its 
resistance to erumbiing, aujd als6 in a lesser degree its tensile strength. 

r RjKMXK'CKroH. / 

1;^! anfl eQXLclRsive ia regard 

find tEe grass 
local-- 



coiaiiaeicial use. 

the 



PHILIPPINE FIBERS AND FIBROUS SUBSTANCES. 


255 


tioiis for a paper-pulp industry making use of this grass, for the folio-w- 
ing reasons: 

P'irst. Masbate possesses extensive areas of rolling lands covered witli 
comparatively clear stands of cogon grass. 

Second. There are numerous well-protected deep-water liaihors ad- 
jacent to the grass lands. 

Third. Clear water for steaming and manufacturing purposes is avail- 
able. 

Fourth. Large undeveloped deposits of a good grade of limestone are 
at hand in several places. 

Fifth. Coal of fair quality has been located near Cataingan on the 
east coast and mangrove wood for fuel is abundant in or near all of 
the harbors. 

In tlic event of serious inquiry by prospective investors, the following 
points in Masbate should receive attention in the order named: Aroroy, 
on the north, Mandawan on the west, and Cataingan on the east coast. 
The latter has the chief advantage in respect to the local coal deposits, 
hut is at a disadvantage because of large private land grants employed 
for grazing purposes at the present time. 

Labor is scarcer in Masbate than in the majority of the other islands 
and offers the only serious difficulty which would he encountered. 




PHILIPPINE TERPENES AND ESSENTIAL OILS, iV. 


By RAY^klOND r. Bacox. 

(Fro?/? fhc Chcnneal Lahorato^'y, Bureau of f^cicncc^ Uauila, P, I.) 


Tlie l‘ollo\vii3g notes on various J^bilippiue oils represent suck data 
as have aceumnlatecl since my last jaildication on this subjects 

OIL OF CrXNAMO-MUM HIXDAXAEXSE ELMBU. 

A certain quantity of the hark of tliis tree was collected by Mr. Elmer 
in the hills behind Davao, Mindanao. It is fairly common in that region. 
The tree is very close to Oinnaiitonium zeijlankum Xees and the bark 
in appearance, taste^, and odor is Just like the cinnamon of commerce. 
Fifty kilos of the ground bark were distilled with steam, yielding 200 
grama of oil of a yellow color and of a strong cinnamon odor and taste. 

This probably docs not rejiresent by any means all of the oil which 
it is possible to obtain f)y commercial distillation from this bark, the 
proportion being less because of the small amount of material at 
my disposal. The oil had the following properties; Refractive indes:, 

Q0O QAO OAO 

N 1.5300 : optical rotation, A specific gravity, 0.960. 

Ten grams of the oii gave 9.2 grams of the dry sodium bisulphite 
compound of cinnamic aldehyde, corresponding to an aldehyde content 
of approximately 60 per cent. 

This oil does not agree very closely in its physical properties with 
the Ceylon cinnamon oil from €. zef/lanivum. 

OIL FROM 0AKA2IUM VILLOSUM B. VI LL. 


In a previous publication ^ on this subject 1 mentioned the oii from 
the teiin pf this tree, known locally as and ' stated Ahat ’ it '' 

consisted prineipally of paracymol ; this has also been confirmed by 
Schimmel and Company on a sample sent to them by this laboratory. 

In November, 1909, 3.5 kilos of resin were collected frona one tree 
nW Jiamao, Bataan. Province. Ttih yblatile oil was distilled fvoin the 


' LJ A. 
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rmn ill vacuo (4 to 6 millimeters) givijig a total ol' 3!.)0 grams ol oil 
(alioiit 11 per ceut). The latter had an odor like tliat obtained diiniig 
a similar distillation of Manila elomi (0. lu'.onirum A. Oray), and the 
aqueous portion of the distillate contained a consideraldo amount ot 
foi-mic acid, although there were no visible evidences of decomposition 
of the resin during the distillation in mem), d’he oil was then distilled 
six times over sodium, using a column of glass beads in llie neck ol Iho 
distilling tiask, and gave the following tractions . 


' 

Fraction Ko. 

Weight. 

1 

Boiling 

point. 

Refractive i 
80 i 

index, N jy ^ 

Spt'diic 1 < iptieiil ro* 
gravity, .tation, 

i 

i 1 


: (.jvnms. 1 

J 102 ' 

o { 

1 154-158 

1.4045 I 

. 852 i 89.4 

9 


19 

1 158-101 ' 

1.4000 

1 851 ; 81.7 

S 


_ ■ 45 

! 101-105 

1.4C0U 

850 29.4 

A 


40 

1()5-170 

1 . 4780 

849 , 21.1 

T" : i « 

170-175 

' 1.4770 

1 Hi9 j 18.5 

„ i 10 

175-180 

1 1.4795 




1 ' 

! 


1. .... 1 


The residue was a thick, brown, viscous oil, which was attacked by 
sodium when an attempt was made to distill it over that metal. 

Fraction No. 1 had a strong odor . of piheue, and Nos. 1, 2, and 3 each 
readily gave large yields of pinenc hydrochloride, melting at 126°. 
From the higher boiling fractions a very small quantity of dipeniene 
was obtained, the tetrabromide melting at 124°. 

The principal constituent of tho volatile oil of this sample of the 
pagsainguin resin is therefore d-pinene. In a previous paper ■> I have 
shown, fi-om the examination of a very large number of specimens of 
Manila glcTm' from individual trees, that the terpenes found in these 


trees yary qrtite xaaxkedly ftoiri to tree, and that one tree xisually 

yields but a single terpene. The same would probably seem to hold 
good for the pagsainguin resin, and it appeal's probable that those 
trees manufacture a large series of terpenes and also the ])arent 
'^l^taace of terpwSj p-cymol. The next step will be to study the resin 
one ftir », corifeiderable length of time, to discover whether, 
iWjrtelplesj'V indii^|uil tree always gives a resin containing pinene, 


% jt'od^O-t htviixg pa.tii6iio as a coiistitiieiit- 
^ ^ etc. thie work will be 





jeiiey etc. Tliie work will be 
should be of considerable value 
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The ginger plant is fuiiiid in all parts of the Philippines, being eiilti- 
^•atecl ])j the natives in small patches for use as, a condiment for fooil. 
It is not grown on a lai*ge scale and^ so far as I can discover, ginger has 
never been exported. I made two experiments on the distillation of 
native ginger roots. In the fii'st one, 50 kilos of the chopped roots 
gave only 25 grams of oil. For the second, 132 kilos were purchased in 
the market at Malabon at 22 centavos, (11 cents United States curreney ) 
per kilo and immediately distilled. There were obtained 05 grams ( 0 . 0 T 2 
per cent)_ of a light yellow oil, having the odor of ginger and also a 
strong smell, much like that of orange-peel oil. This oil had the follow- 

30° OQO 

ing properties; Specific gravity 0.8850; retractive index, 

30° 

1.4830; optical rotation, A 2^-- 5 .° 9 - saponification ininiber, 14. 

It is easily and completely soluble in two or more volumes of 90 per 
cent alcohol. 

It is seen that oil from the Philippine ginger differs quite markedly 
in its properties from that distilled from the Jamaica or African varieties 
and resemliles some J apanese oils examined by Scliimmel and Company ^ 
in its ready solubility in 90 per cent alcohol, and its negative optical 
rotation. 

As there have been many inquiries at the laboratory with regard to 
tlie planting of ginger and its utilization, I also present the following 
data on this subject. 


Zimmermann ® publishes in classified form the results of the observations and 
experience up to the present day on the cultivation and preparation of ginger. 
The mother-plant of ginger, which is indigenous to tropical Asia and is cultivated 
in numerous countries of the Tropics, is, as is well known. Zingiber ofjimnale 
Rose. The rhiisomes of this plant contain, according to their derivation, different 
quantities of essential oil; whereas African ginger yields 2 to 3 per cent, Jamaica- 
ginger only yields 1.075 per bent essential oil. With regard to the fertility of 
the sop, .the Requirements ql ginger are fairly high:, it must not 'be too firm, and 
'not .swampy. .'A ;sandy./Ioamvwhiel|.''is '^1^ chalky .is "''the. most favorable for its 


cultivation. Ginger is grown exdtisively from pieces of rhizomes, which are 
kept in dry places aa|d wh&tv ®Aortlj before sowing, are cut up in bits from 2.S 
to $ <»t|in€toS must have at least one bud. The fields 

are laid oui in the sanie potato Md, most suitably with rid^ 

of 30 aM <5^is%ieters in width. The pieces of 

| .GSdemeister .Bie.'; 
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tiiljer are placed on the ridges in holes about 7 to 10 centimeters deep, and 25 
to 30 centimeters apart, which are well hlled up with earth so that the tubers 
lying in the holes do not decay. 

The harvest coniinenees when the ])arls which are above the ground are 
withering, which is usually the case after nine to eleven nimiihs; the tulaa-s 
are then removed from the soil. The further treatment always begins with 
cutting off the roots from the carefully washed tuiiers. From that point Un‘ 
treatment varies, according as in is desired to prepare either (Jried or preserved 
ginger. In the dried ginger a distinction is again made between peeled or white, 
and unpeeled or black ginger.- 

In preparing peeled ginger, only the thinnest possible skin may be removed, 
as. the aromatic constituents are present in the portion close below the epidermis. 
.‘Ifter peeling, the tubers are immediately placed again in clean water in which 
they are left overnight, and are then again dried. As in the case of peeled 
ginger, great value is attached to a bright and, as much as possible to a white 
color- Chemical agents (chloride of lime, plaster of Paris) have been tried to 
improve the color of the ginger tubers but it is strongly advised nf)t to do this. 

The unpeeled ginger, after having been carefully cleaned, i.s immediattdy dried. 

The preparation of preserved ginger takes place as follows: 'The washed, boiled, 
and peeled tubers are placed in earthenware vessels, and a boiling solution of 
sugar (1 kilo sugar to 2 liters water) is immediately poured over them. After 
twenty-four hours this solution is di'ained off, heated and poured back into the 
vessel. This is repeated after two days. The ginger can tliou be taken out of 
the solution of sugar, and dried or sent away directly in jars. 

The yield from a ginger field amounts to about 1,100 to 1,700 kilos per 
hectare, but it is said that, exceptionally, 2,200 kilos per hectare have been 
gathered. At the price of ginger a considerable profit per acre might be expected, 
but the cultivation requires much manual labor which makes it too expensive to 
grow ginger on plantations; moreover, the ginger plants very greatly exhaust 
the soil, so that repeated cultivation on the same soil is only possible with a 
considerable amount of fertilization. 

The dried root is valued at 20 to 30 shillings per hundredweight on the London 
market, and London brokers say that ginger root must be quite dry in order to 
be saleable on that market. 

Spice ginger is the ground rootstock. Preserved ginger root is prepared by 
boiling the roots in water and curing with sugar. Much of this commodity 
comes from Canton. Extract of Jamaica ginger is made by extracting the ground 
roo-te with strong alcohol., The' residue left in the production of the extract of 
Jamaica ginger or of ginger ale is termed exhausted ginger and is used as an 

( of gixiger are more suitable for distilk- 

L..,. African varicsty, 

tliree, times ’ as much 
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OIL OP OCDIUM SAXCTU^r L. 


This plajit is i'oimd cultivated in many of tlie gardens oi; tlie hi lip- 

pines. Fi’oin 13. 8d kilos of leaves, which were I'orty-eiglit lioiirs old at 

the time of distillation, S3. 3 grams of a green-colored oil (0.«> per cent) 

were obtained, Tliis oil -had a sweet, anise-like odor and the following 

^ 30° 3fP 

prop>erties: Eefractive index, X -jy 1.5070: upticai rotation. A -y- 0; 

30° 

speciiie gravit}', o.l)5‘;? ; saponiheation iininljer, 'L8. 


The oil consists to a large extent of methyl honioanisie acid, melting 
at 85°, being obtained by oxidizing the fraction hoiliiig from 85' to bo- 
at 9 millimeters pressure. I will state concerning the amount of oil which 
it. is possible to obtain from a given number of these plants, that 65 small 
plants in tlie yard of the Bureau of Science gave 2.5 kilos fresli leaves 
whicli yielded, on steam distillation^ 32 grams of oil. This represented 
about 60 per cent of the total leaves of these plants, which were about 
two years old, but they had been transjdanted several times during those 
two years. 


OIL OP CTRCUMA ZEDOAUIA ROSC 


This plant is quite abundant in many places near Manila and is found 
pretty well distributed over the Philippines. I do not know that it is 
used for any purpose by the Filipinos. 

One hundred kilos of chopped roots distilled with steam gave 65 grams 
(0,065 per cent) of a brown oil, which "was tog dark accurately to 
determine its optical rotation. Its other propertie.s were as follow’-s: 

qno 30° 

Specifie gravity, 0.933; refractive index, X -g” 1.4920. 

The oil is soluble in two or more volumes of 90 per cent alcohol. 

These roots were obtainM'' in September. ■ On the 1st of December, 160 

kilos of roots were obtained, chopped up and distill^ with steam, 

,They gave 4()0 gi^ams^ (0.25,, par cent) ^ of an oil' of', a 'light yellow ynlor,' 

' ' ' '' ''' ' ' ■■ ' '''■ ''' - " '30° 

and having' the''' following properties: Specific , gravity, o.9'93.; re- 

fraptiveincl^i, X 1.5070; optical 'rotatioh, A saponification 

% soljrWe in two or more volutn<^ 80 per cent; alcohol/, /.Two' 


»d .fifty.. of.. oil .were. distilM in meW' 



-i,. ■. 

j'"' 'V; ; ' /'• ■ , 
t , . .»« y It, (. i' 

! S'*!-' 


'iSwUiJi# fiat- 
s' 


(grams.) 

4t' . 
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A solid, crystalline residue weigdiing 30 grains was left in the distil- 
ling flask 

Fractions 4 and 5 solidified to give a boaiitifnl, wliite, crystaliniic 
compound which most probably is a sesquiterpene alcohol. 

This alcohol is exceeding^* soluble in all organic bciag recrysiallizcul 

from low-boiling petroleum etber. The crystals from alcohol are very frequently 
several centimeters in length. Tiie body melts sharply at (57® and boils at 
about ICO® (T millimeters), the exact boiling point being obscure because iho 
substance sublimes at a temperature quite a number of degrees below the lattcu'. 
The crystalline body possesses a strong and rather pileasant odor, and is undoubt- 
edly the substance which gives its characteristic smell to the oil of zeodoaria 
Some of the crystals which were left in a tightly stoppered test tube for three 
months partially liquefied and the ebaraeteristie odor bad then been replaced 
by one resembling turpentine. The sesquiterpene alcohol when dissolved in 

‘ 10 ° 

alcohol or benzene shows no optical activity: its specific gravity, is 1.01 so 

that it probably belongs to. the tricyclic system of se.squiterpcne alcohols. With 
concentrated sulphuric acid at first it gives a deep red color and then chars; 
a white, solid, odorless substance is formed by hot, concentrated nitric acid. It 
was not possible to obtain this substance in a crystalline state, it dissolves in 
10 per cent sodium hydroxide to give a red solution and is precipitated by acids 
as a white, amorphous solid. Phosphorus pentoxide was added to a solution 
of the sesquitei'peiie alcohol in petroleum ether without any apparent action; 
following this I added one drop of strong formic acid, whereupon a bal’d resin, 
in appearance and general properties much like the varnish resin.g, resulted. As 
this beautifully crystalline sesquiterpene alcohol is available in large quantities, 
Its study will be continued. 

OIL OF CUROUjMA LOiSGA L. 

One lumdrecl and twenty-three kilos of P}iiiip])irio roots from tins 
plant were distilled with constant, cob obatioii^ yielding ,390 grams of a 
brown colored oil with the following properties: Specific gravity^ 

^Qo 0.930; refractive index, X 1.5030; optical rotaiioru A. ■ ; 

ester number, 81. 

Miscible \\4th 75 per cent or stronger alcohol in any proportion.^ 

■ OIL OF KIOHELXA CirAMI->AOA L. 

The small nniount of literature on this subject is of a very confusing 
nature, and I believe that the oils which have been put on the market 
as champaea oils have their origin only to a very slight extent in MicheMa 
cliampacci. . 

In 1882, Sehimmel and Company’^ report a champaoa oil which was liquid 

^dTaeksoi), Oh^mrJoufn. (1882), 4, 368, giyes the following numbers for 

curcuma^oil; Aft— 24.58®; 

Eupe, Xuach and Steinbach, d, aiiem. (19.09), 42, 2575, give a specific 
gravity at -20'® of :0’.93S8;yA.p^-^"*2i7(k, ’The Philippine oil seems to be 'somewhat 
'ioW In. optical rotation. ‘as;' ebinparei' 'to the'oiW e;^amined by tliese, investigators. 
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while wariiii. I>ui when cooled, soiiditied to a crystalline iiia-'.",, like r*.»se oil. in 
the same firm speak of a champaca oil of a reddisli-yellow color, with an odor 
reiiiinrliriii' one somewliat of cassia flowers, which also separated eoiisiderabh' 
quantities of crystals. In 1897 ^ this lirm, obtained a champaca oil orig.inating 
in Hanila, of sfiecific gravity of 0.D3S, optical rotation, — 5S®.2 and ester iiimiher 
77,3. Tlnrv' also state that the oil had a slight resemblance in odor to that of 
ylaiig-ylaiig and, like the latter, contained benzoic acid. In 19U7 the same 
flj'in report the following siibstance> as occurring in champaca oil : Linalodl, about 
00 per cent; small amounts of geraniol and of eugenol methyl ether; and in the 
lower bfdling portions, the methyl ester of methyl ethyl acetic acid. 

In so far as Vlanila oils are concerned^ I consider that these reports 
do not represent an oil from the yellow chain paca iiotver, as so far as I am 
able to learn there never has lieen a time in Manila when as niiic]i as 1 ,000 
kilos of iiov'ers V'ere availahle at any one time. 

I have worked only with the oil from the yellow champaca, and have 
not made any studies on the one from the white flowers. It is probable 
that these reported oils represent distillations of champaca mixed with 
other flowers. In the Manila oil of 1897 these other flowers were prob- 
ably ylang-ylang, because of the odor and physical properties of the 
oil and of tlie presence of ].)enzoie acid, which I do not find in mj cham- 
paea oils. 

Several synthetic oils liavc been aimonnced, the onl}" one of which I 
have seen possessed a very poor imitation of the true champaca odor. 
Our investigations on this oil have not advanced very far, but some data 
which may be of interest will be recorded. 

The yield appears to be over 0.2 per cent. The crude oil on standing separated 
a large amount of a crystalline solid. This was Altered and an additional 
quantity of it was again separated by the addition of ether, in which the solid 
is quite insoluble. The remaining oil, after standing for some weeks in the 
laboratory, continued to solidify until it gradually became semiaolid. The second 
solid which separated was amorphous and appeared to be resinous in' nature. If 
this semisolid extract is treated with 70 per cent alcohol, about half of it separates 
in the form of the amorphous, brown, odorless body. This was filtered and the 
filtrate ' concentrated at 40* w vaem until a brown oil separated, which had a 
very 'fine odor of champaca, , and was readily soluble in 70 per cent alcohol or 

^ ' 30 ®' 

stronger. Our 'oil had 'thevLollowing constants: Specific gravity, ^ 0.9543; 


'refractive'' index, N .?2!, ' L4b50; saponification number,, 160. Another oil "had 

gravity, 1 - 020 ; relraetive iiwtex, N 1 . 4830 ; sapoaifleatioii BTimb«r, 

, 130. The second oil had the finer odor. The oils were toe dark to permit of 
of tho optical My champaca oil is aeutrah The ^ent 

, oil. examined by ,S(Jhimm©l a4d Qmnpapy'^ -C(»toined a oonsideraWe proportion of 
, of methyl ^ ^ 
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Fifty grams of cliampaea oil (soluble in 70 per et^ut aleobol, osier number 
ISO) were saponified witli 30 g’ranis potassium hydrate in 10b cubic cent i meters 
of 95 per cent alcohol. After heating for one hour with a. rellu.K condenser, 
two Toliunes of water were added; 4.5 grains of an amorphous solid separated. 
This was liltered and the filtrate wns separates into neutral, a,(dd, :uid pinned 
fractions. By sajumification tin* champaea, oil loses nil of its eharmdm'istJc odor, 
which therefore must be due to esters. 

The. phenol fraction (1.5 grams) proved to consist principally of iso-migeno!, 
as benzoyl iso-eugenol melting at 103“ could be obtained from it. The tot,al 
acid fraction weighed 15 grams. None of this acid boils below IdO^' at 40 milli- 
meters; hence there is no methyl ethyl acetic acid. No acids iiave as yet been 
identified. 

The neutral portion weighed 23 grams and had an odor somewhat similar to 
that of oil of bay. 

Some , studies were made on the solid which cj‘ystalli>:cs from the 
freshly prei.>ared oil. This substance, as first separated from cliainpaca 
oil, is of a greenish color and possesses a faint, but pleasant odor. It 
is readily soluble in chloroform, acetone, acetic acid, hoi alcohol or 
benzene. It is almost insoluble in etlier or petrohinin ether. It was 
purified b}’’ repeated solution in hot benzene or cliloroform and pre(ji|')ita- 
tion with ether or petroleum ether. A very peculiar |)henonicnon was 
noted during the purification. ■ Many times, without apparent reason, 
the solution in benzene or cblorofonn would, with a loud, crackling noise, 
solidify to a born-like jelly which was proved io bo insoluble in all 
solvents, and it was impossible to regenerate the original body from 
this substance. Considerable quantities of the solid were lost in thivS 
manner and no method of preventing this polymerization ( ?) was 
discovered. 

The crystalline solid, after repeated crystallization from heiizcm* and 
petroleum ether, forms odorless, white needles. 

Eight grams were dissolved iu a benlaenG-aleohol mixture aud shaken with a 
conceiitrated solution of sodium bisulphite, A precipitate was formed which was 
filtered. The filtrate was evaporated to crystallization and ‘l.S grariiH of a body 
obtained, which, after recrystallization from chloroform and ether, mtdt(d at 
165"^ to 166®. Combustion of this substance ga.ve the following results: 


E 6J4Si 6 g. gave OASar g. H^O and 0.5986 g. CO*. 
II. 0.24B6 g. gave 0,1593 g. H*0 and 0.5990 g.^CO*. 
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A determination of the molecular tveight was made by the eryoscopie 
method. Solvent 13.67 grams benzene. 


I 

II 


Freezing 
point. 
3.790 ■ 
3.706 


Substance Molecular 
( grams ) . -weight 


0.0692 296 


3.600 0.1563 298 


A semicabazonej crystallizing in wliite needles and melting at 205'* to 206® 
Avitli decomposition, and a phenylhydrazone, -wliieli separates in tvMte leaflets, 
in appearance mncli like benzhydrol and which melts with decomposition at 153“ 
to 155°, were obtained from the original crystalline stibstance. The phenylhy- 
drazone is only very moderately soluble in ether or petroleum ether, hot or 
cold*, it is soluble in boiling benzene, nearly insoluble in cold; readily solnble in 
hot or cold alcohol, chloroform, or acetone. 

The original ketone or aldehyde from eliampaca, with concentrated siilphnric 
acid gives a deep red colored substance, soluble iu water to give a red solution. The 
determination of methoxy groups by ZeisePs method gave a negative result. The 
saponification of the substance with alcoholic potassium hydroxide showed that 
if the formula of Cif,Ho „05 is assumed, then two molecules of potassium hydroxide 
are used by one molecule of the substance. However, it does not appear as if 
this substance %vere an ester, because it gives several products on treatment 
■with alcoholic potash, of which neutral substances form only a very small 
proportion. The body completely dissolves in alcoholic sulphuric acid ■with a 
red color and with the odor of ethyl acetate. Acetic acid is one of the products 
when it is oxidized \vith dilute potassium bichromate and sulphuric acid. 

The study of this substance is being continued. 


OIL OF YIANG-TLANO. 

A number of oils of ylang-ylang have been analyzed during the past 
year^ and the results prove my statement of three years ago still to hold 
good, that the quality of ylang^ylang oil can be judged with fair ac- 
curacy by a few simple analytical const antvS. The Manila oils which 
I examined during the past year were rather better than in previous 
years, due to strong competition of Eeunion oils, to better distillation 
methods in the Philippines, and to a low price for the flowers. Tlie 
ylang-ylang flowers sold as 7 centavos (3,5 cents United. States currency) 
per Mlo during this past season, as compared to about 40 to 50 centavos 
(20 to 25 cents United States currency) three years ago. This per- 
mitted the use during the past season of better flowers for distillation, 
and oils having ester numbers of from 130 to 150 were common. 

96918 3 




A PRELIMINARY STUDY OF THE EFFECT OF TROPICAL 
SUNLIGHT ON THE ATMOSPHERE, WITH SOME 
NOTES ON RADIOACTIVE PHENOMENA 
IN THE PHILIPPINES.’ 


By llAVMOXD F. Bac’OX. 

i From the (.■hemim/I J.ahontton/, linreau of t<eienef. Manila, /. i 


Early in ll)0(i [ stated- that the tropical sunlight seemed to ionize 
tlie air so that it would discharge an electroscope at a moi*e rapid rate 
than noninsolated air. Recently, in eonneetion with the general study of 
the effects of tropical sunlight undertaken in this Bureau, T liave again 
taken up tins question and eon finned iny earlier results. 


The apparatUH used was a Fontaktoseope according to (\ Eiigler and H. 
8ieveking, the instrument being accompanied by a table of volta^^es corresponding 
to the v^arious positions of the aluminium leaves. With the diffusion cylinder 
hanging in the 10-Iiter can and attached to the rod carrying the aluminium 
leaves, the nonnal rate of fall of the electroscope corresponded to a loss of 
potential of 4.3 volts per hour, and, under the conditions given, this was fairly 
constant for *a large number of measurements extending over about four months, 
the extreme values l>eing 4 and 5.5 volts per liour. 

To measure the effect of light on the ionization of the air, the latter was 
drawn at a definite rate through the can in which the diffusion cylinder was 
suspended, the amount of air l>eing mea.sured by a gas meter- 


Comparaiive measurements of the rate of fall of the al ii mi Bium leaves 
wera. then made at night in the laboratory^ in the daytime iu' the diffuse 
light of' the laboratory and in the sunlight. 'Wlieii the .apparatus was 
placed in the ' sunlight, the electroscope ' proper was always covemd, 
although this seemed to make praeticaliy no difference. Even if the 
appai'atus were uneoveml,. no direct sunlight Leonid, penetrate to^ the'; 

I ^ Owin^ to the fact that Doctor; Bacon has left the l^hilippinos, the data m fat 
dbtali^ hf ttim arc bow puhllshedi, ,;£fc|tho«igh', the werlc «; yet is very incomplete 
continued by (F. C, FA 

i ’ Airi* ,1. 4X8- ’ 
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inside, as it is made of metai and ground glass. The insults obtained 
are as follows: 

I . — In the dark. 


1 

Date. ! 

Time. 

Poten- 
tial, elec- 
troscope. 

Fall, 
volts per 
hour. 

Air cur- 
rent per 
hour. 

i 

1 


p. m. 



LUertt. j 



( 9.45 

141. 3 

J 9.0 

1,000 



1 10. 15 

138.3 

i 


( 9.30 

205.4 

} r,,c, 

1,000 



1 10.30 

199.5 

j 


f 9. 18 

218.9 

J 6.(i 

1,000 



1 10.18 

212. 3 

March 4 

i 

f 9.00 

1 10. 15 

208.8 

199.5 

} ’'4 

1, OOO 

March 7 

j 

f 9. 30 

1 10.30 

215. 6 

209.9 

} - 

1,000 


The average rate of fall for darkness, therefore, for a gas current of 1,000 
liters per hour, was 6.3 volts. 

II . — In the diffuse light of the laboratory. 


Date. 




Time. 

Poten- 
tial, elec- 
troscope. 

Pall, 

volts per 
hour. 

Air 

current 
per hotir. 





p. m. 



Liters. 

February 8 ^ 




f 1.58 

1 2.58 

a. m. 

161.1 

147.9 

] 18. 2 

900 







February 9 .... ' .. 




f 8.15 

1 a 45 

162.9 

154.8 

J 14.2 

1,000 





] 8. 45 

1 9-15 

154.8 

146.5 

1 16. 6 

1,000 

Fehma.Tv , 




r 10.16 
j 10.46 

149,9 

144,0 

} 11.8 i 

170 . 


1 10.56 

1 11.16 

141.9 

185.9 

j 18, 0 

1,200 


Avet^a^'' fw ligfat, 15-6 volts. ■ 
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III . — In sunlight. 


I ■ Poten- ! Fall, . Air ; 

Piite. I Time, tial, elee-i volts per current , 

j troseope. hour. ; per hour, i 


; 

a. m. . 



Liter.^. 

1 February 5 fa'i.-- _ 

9.21 

115.7 1 
90.5 


1,000 

10.01 i 


1 February .5 0^’) ij 

10. 10 

12 s. 1 [] 

45.8 ' 

1,000 


11.10 ' 

S2.3 ;} 

1 ' 

9.15 ! 

177.1 j 



1 February 14 {'-'i _ i< 

9.30 

107.1 A 

32.0 

540 

1 

9.45 

161.1 1 




10. 10 

159.9 

20. 0 ^ 

1.000 

j February 14 ('M __ < 

10.25 

154.9 1 

146.9 } 


■ 1 

1 10.40 

32. 0 

l.OUO 


10.57 ; 

15S.2 » 




142.5 i 

31.4 

1,000 


11.27 ; 



11,55 

134.1 \ 



1 , ? 

12.55 

9S.2 J 
169.9 1 

30.9 j 

43.0 j 

1 000 

1,000 

1.20 I 

1 • : 

1.50 1 

i 

148.4 ij 


*• The sun was behind a cloud for five minutes during these measurements. 

^ During the first ten minutes of this measurement the sun was wholly unclouded and 
very bright, and during that time the electroscope fell at the rate of 76.2 volts per hour. 
During the remainder of the time the sun was intermittently covered with clouds, 

« The sun was behind clouds about one-quarter of the time. During the last fifteen 
minutes it was behind clouds aoout one-half of the time. 

^ During the whole of the first fifteen minutes of this measurement the .sun was behind a 
cloud of such density that the disc of the sun was just visible. During the second fifteen 
minutes the sun was behind dense clouds about half the time, and the other half it shone 
from a clear sky. The effect caused by the sun going behind a cloud was easily discernible 
in the instrument. 


Average for sunligKtj 35.7 volts. 


The results seem to indicate with considerable clearness that the 
tropical sunlight ionizes the air. I am well aware that much more 
work must be done before a positive statement can be made on this sub- 
ject, especially as such phenomena do not seem to take place in temperate 
zones, although it is well known from the work of Senard ® and others 
that certain forms of ultra-violet light do ionize gases to a marked degree, 
even though Buisson/ working at an earlier date, was unable to detect 


' any ' condticfivity in air through ' which ultra-violet light was passing. 
Buisson^s original paper is not available to me, so tliat I do not know 
the exact conditions nnder which he worked, and therefore am not able 
,io‘^i^u» Ms results: wMdh seem to contradict Those obtained Ty\ me. 
However, 1 incline to the view that th,® ionization observed may not be 
a direct effect of the tropical sunlight on the air, hut may be a secondary 
phenomenon connected with the large amount of moisture in the air of 
‘ feopieal islands and with ihe In^uyiant vege^taop of th|$ region. Tbns^ 

‘ ■ "7-^ ■ ■ " 
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it is well known that air is ionized by bnbblini;' tlirougli water. ih(‘ 
evaporation of water, and the fonnatioji of fresh-water siiriaccN Lxhiig 
aeeoinpanied by the liberation of ions. 

C. T. E. Wilson"* has studied tlie aetiou of ultra-violet light on gas(‘s 
from tlie point of view of the elfeefc produced by tlu‘ light on Ihe loi- 
ination of clouds, ddie following discussion ot his work by J. d. dhoni- 
son would seem to. he pertinent: 

Wilson found that with very feeble ultra-violet light, clouds were produced 
by expansion when this exceeded a certain dednite aiuoimt, just as in llui case 
of a gas ionized by Rdntgen rays, and that the amount of exijansioii required was 
just the same for the ultra-violet light as for these rays; this at tirst sight would 
make it appear as if the ultra-violet light ionized the gas. However, Wilson 
found that the clouds produced by ultra-violet light dillered from those produced 
by .Rdntgen rays, inasmuch as the former were not alfected by strong electric*. 
tieldSj whereas the formation of the latter was almost eiitirtdy^ preventcnl by such 
fields. Tf the clouds due to ultra-violet light had been due to the ionization of 
the gas, the ions would have been removed by the field and the elomls stopped. 
At the same time the coincidence between the expansions required for the forma- 
tion of clouds under ultra-violet light and the conditions when ions are j)r(‘sent 
is so remarkable tluit we are very reluctant t<j believe that the nuclei are 
in the two cases; it seems to me that an explanation in harmony with the facts 
is that charged ions do form the nuclei of the drops formed by weak ultra-violet 
light, but that these ions are produced during the expansion of the gas and are 
not present when the gas is at rest* These ions might arise in the following 
way: We have seen in Chapter VIT that under the action of strong ultra-violet 
light visible clouds are formed without expansion, these clouds probal)ly being 
due to the formation of hydrogen peroxide, which, mixing witli the water, lowers 
the vapor pressure; now wlien the light is very feeble it seems probable that 
there still may be a formation of drops of waiter which, how^ever, in eonseipiencc' 
of the very small amount of hydrogen peroxide jirodiiced by the feeble light, 
never grow large enough' to be visible. Thus we may regard the air exposeil to 
the tiltra-violet light as full of exceedingly minute drops of water; when the 
expansion takes place, the air rushes , violently past the drops and we have a 
ednditidn which in many respects i.s analogmis to the bubbling of gas through 
^Vater.. ' .Hioweyeiq 'when air;bdbbles through ' water, there 'is, as Lord Kelvin has 
shown, .'negative 'electricity in the ' air and positive in the water. Thus, when 
the air rushes past’' the mteir '.drops we should ■ expect the air to contain negative 
iomy the ;p<4lt^ve;' ions: being'' on the 'drops.; ' * * * the formation of ‘a fresh 


water surface is accompanied by the liberation of ions; when the cloud of small 
drops is formed by the weak ultra'-vioiet light tliere is a creation of a now sui’face 
of w^ater and the probability of the liberation of ions, the positive ions biing 
carried by small welter drops wadU'bnly move very slowly under an electric field 
and eo ndt be -by 'anyiiSeld it ie praotieable to apply. 

‘ ^ formed ‘tef ultra*-Yio}et light without 
^ p^tively, oihera n^tively^ 
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. showed that with intense nltra-viuiet lijilit, eloiids are prudiieed in 

air, or in oxygen, witli a mininium anniunt of expansion, and he as^iirnes that 
tlii'se clouds are primarily deposited on nuclei connected with the formation of 
hydro^iifeTi peroxide. This does not take place when hydropren is the used, 
and Thomso!^ has sliown that, whereas air Inihbled through water is strongly 
cliarged and contains a large pro]»ortion of negative ioiis, with hydrogen gas the 
ionization is exceedingly small. 

'LTiese exjterinieiits seem to itie to iinlieate that the i'onriation ot 
hydrogen peroxide is an essential intermediate step in these reactions. 
When ]>ure water, or a salt solution is exposed to direct sunlight in 
Wanila, liydrogen peroxide is fonned very rapitlly, strong tests being 
obtained after a few lion rs. H. I). Cfihhsd** of this Bnrean, who coxa mined 
the solutions in a great number of reagent bottles ex]K)se(l in the labor- 
atory for some months to ditfuse light-, found in practieally every case 
considerable quantities of hydrogen ]»eroxide. ft is evident that in the 
Tropics, at least in island regions, witli the great quantity of vegetaldh 
growth, the vigorous transpiration of ].>lants, and the large amounts of 
water eontinnally present at the surface of the earth and in the air, 
all the conditions are present when the sun is sinning wliieh are neces- 
sary to charge tin* area of water surfaces, to form ])er(rxide of hydrogen, 
and in general to increase the proportion of ions in the air according to 
the processes which liaN’e been outlined above. Wli ether there is a true 
ionization of the air by tropical sunlight, apart from such a. secondary 
ionization, must he determined })y further studies. Considerable evi- 
dence is aeeiimulatiiig to show that the tropica! sunlight contains more 
intense ultra-violet light than that in temperate zones. Thus, I liave 
shown in another paper ” that the decomposition of oxalic acid or of 
oxalic acid catalyzed by uranium salts, is very much more rapid in the 
Philippines than in temperate zones, and Gibbs has shown that the 
coloration of phenol and of aniline takes phiee much more rapidly in 
the Tiupies than in more northern zones. 

Oiie of the most striking eifects produced by ions is the infliienee they 
exert on the condensation of clouds. 1 liave often noted, in watching a 
steam Jet in the open air in Manila, the remarkable way in which,' as the 
sunlight .strikes it, 'it becomes ydeUse and beautifully colored, due to the 
'"int^erence'^ and diffraction of the light by the small drops of water, 
while as soon as the sun goes l>ehind a cloud, the jet becomes very 
thin, and the colors, of course, disappear. Other conditioiiB being equal, 
on a cloudy day the mountains near Manila can be seen much more 
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clearly than on one ot sunshine^ and 1 do not believe 1 err when I state 
that all days of bright sunshine in the Philippines show a decidedly 
hazy atmosphere, as noted by looking at objects at some distance. I 
believe this fact to be due to the ionization of the air by the sunlight 
and the consequent condensation of very minute drops of water around 
the ions so formed. The mountains are most cdcarly visible from Ala- 
nila at sunrise and at sunset and on days when clouds pintect tlie lower 
atmosphere from the ionizing radiations of the sun. 

It is an important meteorologic qnestioii whetlier direct sunlight can 
produce a cloud in the atmosphere witliout expansion. Wilson was 
not able to obtain a eland in a closed vessel in sunlight with less tliau 
the normal expansion, 1.2-5. He points out that the conditions in the 
open air are more favorable to the production of clouds tlian those in 
a closed vessel, for in the latter the drops might diffuse to the sides 
before they had time to grow to a visible size, while in tlie atmosplujre 
this way of escape would not be open to them. It is an interesting fact 
that the Philippine Weather Bureau in twenty years of daily observation 
has never observed a cloudless day in Manila. In traveling on the sea, 
w'here disturbing factors due to land surface, vegetation, etc., are absent, 
it is always noted that as one enters the Tropics the air becomes more 
hazy, especially on bright sunshiny days, a fact wliieh I have often ob- 
served and which has been confirmed by me many times in conversation 
with sea captains. As to whether this is due to gx’eater ionization of 
the air by means of light in the Tropics, or simply to the fact of there 
being more moisture in the air to condense around ionic nuclei, must b (3 
determined by future work. I incline to the view that both factors 


cause this increased haziness. Apart from the experimental work which 
sems to show a greater intensity of ultra-violet light in the Tropics and 
apart from the more direct incidence of the sun’s rays into the atinos- 
of thm regions, resulting in less refraction and consequently in 
of :the,^short^^ of -light, there are other theoretical con- 


siderations which seem to point to a greater intensity of ultra-violet light 
for this zone. The absorption of light by water in the air is quite 
marked in the red end of the spectrum and comparatively slight in the 
ultra-violet. The amount of moisture in the air of the Tropics during 
a year is greater than in temperate zones ; also the total amount of radia- 
tion^r^ved.^om oqurse of a year is greater in the 

, Aputhei^ latitudes# Hence, as the 
rap ehd of the speqtrum axe propor- 

mmh mop itooaphte m the Tropics, 
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ultra-violet light reaching the surface of the earth iii the region aroiiml 
the equator must he iiiucli greater than it is in those nearer the pole. 

Arrhenius, in his recent papers on the effect of light radiation pres- 
sure in moving cosmic dust, presents several ideas which may be of 
considerable importance in explaining the distribution of sunlight on 
the eartlhs surface. The cosmic dust shot out from the sun is charged 
and, consequently, as it approaches the eartihs surface, it tends to collect 
toward the magnetic poles, leaving a region around the equator com- 
paratively free from dust. As this fine dust strongly absorbs the blue 
and ultra-violet portious of the sun's spectrum, both in the chromosphere 
of the sun and the atmosphere of the eaidh, it is evident that tropical 
regions, comparatively free from it, will receive more of these rays than 
regions near the poles. As the distribution of dust around the sun and 
the rate with which it is expelled from the sun are intimately connected 
with the phenomena of sun spots, it seems evident that relations uull 
be discovered between sun spots and the ionization of the aiiy and, 
in general, the rate of reactions carried on under the influence of sun- 
light. 

In connection with my experiments indicating ionization of the air 
by tropical sunlight, a very interesting question arises as to its ionization 
on the different parts of the eartlfs surface. In the last few years 
hundreds of measurements of this ionization have been made, and, in 
general, it has been ascribed to radioactive substances. This assumption 
has very strong support in many experimental facts, especially as the 
rate of decay of the emanation agrees in many eases with that of known 
radioactive matter. 

Hutherford states : 

There can be little doubt that the large part of the radioactivity (ionization) 
of the atmosphere is due to the radium emanation which is constantly diffusing 
into the atmosphere from the pores of the earth. Since radioactivity has been 
observed in the atmosphere at all points at which observations have, so far^ 
been made, radioaetive matter must be distributed in minute quantities throughout 
the soil of the earth. The volatile emanations escape into the atmosphere, by 
diffusion, or are carried' to the surface in spring water, or by the escape of 
underground gases and cnuse the radioactive phenomena observed in the atmos- 
phere. 

; ; RntherfdiM , also , mentions the results .point to ' the conclusion' that a 
large part, if not all of the ionization at the earfch*s surface, is due to radioactive 
matter distinbuted in the atmosphere. A constant rate of production of 30 ions 
per second per cubic centimeter of air, which ha^ been observed in the open air 
at the surface of the earth in various localiti^. Would be produced by the 
presence in each cubic centini^r''df;' 'the''Atr''df .the; amount''. of emanation 'liberated ; 

grams of raditun bvomide'in radioactive '' ''IBEowever^ ' 

it is not likely that' the ionization of the upper part of the atmosphere is due 
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to this cause alone. In onler to explain the niaiiiteminee of (he lar^e i>ositiee 
eiiarii'e vvhidi generally exists in the upper atmosphere, tiiein- inusl he a strong 
ionization of the upper air, a condition which may ])ossihly lx* du(‘ to ioiiizhifi 
radinfion,^ entifiiYl hi/ the huh. 

However, there are several statements in the rei-mit literature of 
radioaetivitv which seem to ])oiiit to the idea that tlnu'e also may be 
other factors than radioactive processes whidi hel}) to cause tlu‘ obstu'vtHl. 
ionization of the air. Thns Entlierford and Allan,'*’ working in (hniada, 
found that in winter, with the groniul frozen and deeply (‘ovtu'od with 
snow, and the wind blowing from the north over snow-c«n'ered fields, 
there was quite as much, and, in many cases, mort‘ ionization ol tlu‘ 
air than in summer in the same ])}aee. 

This fact is difficult to reconcile with the idea ot radioaedivt^ emanation 
escaping into the atmospijere from tlie ])()j'es of the (airth, and is much 
easiei* to explain on the basis of a sunlight ionization, or ot a secondary 
ionization of the air due to snow siiblinuition and an intermediate forma- 
tion of hydrogen jieroxide. 

Elster and Geitel,'^ who made extensive studies on the effects of 
meteorologic conditions on the radioactivity of the atrnosphei’e, sum- 
marized their t'Oncliisions in the following table: 





Rate of 

Rato of 

No. 

Weather. 

leak of 

leak of 



charge. 

charge. 

1 

Fog, wind southeast 

3.77 

2. (U 

; 2 

Fine rain, mist 

3.18 ' 

3.02 j 

i ^ 

Clear, air very transparent 

8.58 ; 

9.82 ! 

1 4 

Sky Mlf overcast, air very transparent 

13.67 

13.83 


It is a curious coincidence, if nothing more, that days when tlu* sky 
is about half overcast are days such as No. 4, when the (hemical activity 
of, the:euB is greatest , up .reactions , like the blackening ,of silver salts, 
the deeom|K)sition -of, .oxalic acid under ' the , infiuenee of uranium sdits, 
.and, on- the,’ioamtioni,':of;;',the, air by tropical sunlight, in short, on, 
reactions effected by the ultra-^violet portion of the stints spectrum. 

Xf the radium emanation itiThe' atmosphere and 'the penetrating radiar 
tiou due to radium ia tiie earth are together the main causes of the 
ionization of the atmosphere near tho surface of the earth, then it might 
be expected that tht the land wpuM be greater than that 
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from land to placet^ on niid-ooean heforo the aetivitv is luateriallv de- 
creased. 


Boltzmann made daily observations on a voyayv from Hover to \ork, 

Angust 21 to 31, He, found that the value of the ionization of the air 

over the ocean 'does not <lit}‘er materially from that which obtains in (Germany, 
Lapland, or Canada. Eve,^‘* on a voyajxe from Montreal to Liver|joo!, June ‘21 
to 30, obtained practically the same ionization t>f the air for the ocean as for 
that over the land. He thinks the results may be due to air blown out to sea 
from tlie land, and to a slower recombination of ions over tlie ocean, due to a 
lesser quantity of dust particles in the air. bnt be admits that this explanation 
is not adequate to account for tlie facts. 


From this evidence and from my own work I consider that otlier 
factors, which I have outlined above, must lie taken into consideration 
in accounting for tlie ionization of the atmosphere, lliere is no (|uestion, 
from tlie immense amount of ex]>erimental evidence gatliered in the last 
few yefirs, but tluit radioactive substances do plav a considerable rdle in 
ionizing the air, but I do not consider that such radioactive processes 
account for the whole ])henomenon of the ionization of the atmosphere. 
Quantites of e.vperimeiital evidence are coutiiiuaily being brouglit forward 
to prove that ions are given off in many chemical and physical processes 
other than those known distinctively as radioactive, and such fa(?*ts would 
naturally he expected from the electronic constitution of matter. 

Til connection witli the work on the ionization of the atiuospiiere. 1 iiave 
tested a number of substances from the Philippines to obtain an idea of 
the distribution of radioactive substances in this part of the woidd. In 
working with solids, one metal can was used in which the normal loss 
of potential was 4 to 5 volts per hour. With liquids, another can was 
employed in wiiieh the normal loss was 7 to 9 volts per hour. When 
testing various substances, losses greater than these aiuoiints were con- 
sidered to indicate radioactivity. The results are given below. 

1. One liter of water obtained from the boiling lake of the crater of Taal 
Volcano. The water haw stood in the laboratory in a tightly stoppered bottle for 
aboxjt tw?o years. , , 


Time. 

(p. m.) 

' 1.16 

, , 1.26 . ' 

1.36 

_ 2.21 

The ia active. 

B tine 'liter of Manila hydrant 
B’obniary 3 and immediately tested. 



Volts 

Volts. 

per hour. 

169.9> 


145.5} 

146 ^ 

140.1 

32.4 

131.8 

10.4 


drawn from a tap in thb: l^^ora'tbyy, 



Yolts 
per Uour. 


1 

'J' :v'| 
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3. Manila hydrant watei^ February 4. 


Time. 

(p. m.) 

Volts. 

Volts 
per hour. 

9.03 

]47.9| 

1 115.2 

9.08 

138.3 1 

1 

( 28.8 

9.13 

135.91 

13.8 

9.23 

133.6] 


9.33 

132.7 

5.4 

11.33 

114.9 

0,9 


The water is active. 

4. Barium sulphate precipitate formed in the water (Experiment 1) from the 
boiling crater lake of Taal Volcano. 


Time, 
(p. m.) 

8.42 

9.42 


Volts. 

144,51 

134.7J 


Volte 
pel’ hour. 

9.8 


Slight activity. Agrees well with Experiment 1. 

5. Barium sulphate precipitate formed in 0.5 liter of water from the yellow 
lake of the crater of Taal Volcano- Water which had stood for about two years 
ill a weibstoppered bottle in the laboratory. 

Time. Volte 

(p. m.) Volts. per hour. 


Very slightly active. 

6. Barium sulphate precipitate from 0.5 liter of water from the green lake of 
the crater of Taal Volcano, collected at the same time as waters Nos. 1 and 5, 


Time. 


Volte 

(p. m.) 

Volts. 

per hour. 

2.10| 



2.10[ 

184.9} 

4.0 

3.10^ 

180.91 


No activity.. 

7. Distilled water employed in the usual manner to test- apparatus. 

Time. Volte 

(p. mv) Volts. per hour. 

,T31,.8| 7A ' 

; . ; 131.81 , ■ 

' ' 

155.41 7P 

^ SMI 153 Jj ' ■ 

No activity* ■ . V - ' *' ■' ' ' 

^ 8.^ Oncf rain water 'coHcoted, irom' the, roof of 
the Burean after , several hottrs of rain February 'H* 

:<■ rated dish,,:^. :and. Ahe Mish ^te^ted in the 'apparatus. 

.1— UM .hf—r nu. ,b.d f.lUn- 
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Tlie water is radioactive. 

9. Finely ground Manila copal resin. Such resin is continually being oxidized 
rather rapidly by the air and gives a strong test for hydrogen peroxide. 



Time. 

Volts 


(a. m.) 

Volts. per hour. 


9.45 

151.5) 


10.45 

146.5} 

No activity. 



10. Philippine 

clay. 



Time. 

Volts 


(a. m.) 

Volts. per hour. 


11.87 

167.11 


(p. m.) 

7.5 


1.27 

152.61 

Slight activity. 



11. Philippine 

clay. 



Time. 

Volts 


(p. m. ) 

Volts. per hour. 


2.08 

200.8) 


3.08 

194.1} 

Very slight activity. 


12. Philippine clay. 



Time. 

Volts 


(a. m. ) 

Volts. per hour. 


9.05 

173.3] 


10.05 

167.1} 

Vety slight activity. 


13. Barium sulphate precipitate 

formed in some rain water collected on 

February 11, 




Time. 

Volts 


(a. m.) 

Volts. per hour. 


11.55 

182.0) 


12.55 

175.5} 

Slightly active. 



14. Powdered gold ore from Benguet. 


Time. 

Volts 


(p-m.) 

Volts, per hour. 


1.05 

173.9) 


4.05 

138.3} 

Slightly active. . 



15. Black sand from Nueva Ecija. 

This black sand contaiins magnetite, zircon. 

gold, platinum, and probably iridium and monazite. The decided activity was 

ascribed to the monazite. 



Time. 

Volts 


(p. m,) 

Volts. per hour. 


2.05 

173.9) 


3.35 ^ , 

117.4} 

16. Benguet gold ore measured in large pieces. 


Time. 

Volts 


(a. m.) 

Volts. per hour. 


11.15 

134.1) 
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Slight activity. 

17. Black sand from near Paraeale, Ambos t'aniariin'S. 


Time. 


Volts 

1 a. m. ) 

Volts, 

per liour. 

8.49 

172.21 


10.25 

114.9] 

33 

Pronounce 1 acti vity . 

Tlie nonmagnetic portion of thi.s same 

black sand. 


Time. 


Volts 

( a. m. ) 

Volts. 

per hour. 

10.29 

201.21 


19.50 

174.4; 

53.9 


Very pronounced activity, and grains of monazite were found in tins ]M)rtion. 

18. Black sand from Aroroy, Masbate. C‘arries a litth^ gold, no ])latinuiu. 


Time. 

< a. m. ) 

io.r>r> 

12.7)5 


Volts. 

155.11 

14(;.<)j 


Volts 
per hour. 


10.2 


Slight activity. 

19. Black sand from Bagay Gulf, Tayabas Province, ptieblo of Kilbay. 


Time, 
(a. m. ) 
11. 10 


Volts. 
*215.01 

10.40 209.1) j 

Slight activity. 

20. Black sand from Rapu-rapu Island, Alhay. 


Time, 

(p. m.) 

1.00 

2.00 


Volts. 
148.41 
142.5J 


Volts 
per hour. 

10.2 


Volts 
per hour. 


5.9 


Very slight activity. 

21. Magnetic portion of black sand from San Mateo, Rizal Ih’ovince. 


Time. 

(P. m.) 

, 2.20 

' ^ 5.00 , , 

Very slight, activity. ' ^ 

' Nonmagnetic 'portiop of the same. 

, v" ’ll 'jTtme.'" ' ' ' 

‘ " (p. m.j 

5.00 


Volts. 

201.21 

197.4/ 


4.00 


Volts. 

141.3 

133.0 


} 

Slight activity* 

^ 2S, ttm ' OifflA^ineB, 

i'. 

$1: 5U,._ j ' r'i ''<■ 

ISlB" 


Volts 
per hour. 

5.7 


Volts 
per hour. 


Volta,.; 


7.7' 


Volts 
per hour. 


irM 


>4 ■ 
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A'ery wliiilit activity. 

Black riaiid fi-fan Ainhos ('amarines from claims of liigcrsolL 

Time- VolLs 

;a. IP. 1 Volts. per hour. 

h.45 lliT.li 

10.13 lOT.lf 

Slight activity. 

24. Black sand from Lamao ,Beaeli. ]\faiiila l'»ay. Bataan Provinct* 

Time. Volts 

(p. m.) Volts. per hour. 


Very slight activity. 

Nonmagnetic portion oif tlie same. 


Volts 
per hour. 


12.45 ISO.Tf 

Slight activity. 

25. Black sand collected in Paraeale. Amho.s C’aniarines. 


Very slight activity. 

Nonmagnetic portion of the same. 


Volts 
per hour. 


Volts 
per hour. 


Slight activity. 

26. Black sand from (,‘alaimsa River, Nueva Ecija. 


Volts 
per hour. 


Slight activity. 

27. Black sand from tyConnell River, Tarlac Proving. 


Volts 
per hour. 


'Slightly 'active. ■ ■ ' ' 

2S. Beach sand Irnm.' Tiamao, Manila Bay, Bataan Province, at places 'Vhere, it 
is not black. ■' '* . ' ^ ' ,, 

■’ ‘ ‘ ’ ' ' ' . ' ' "Volts, , 

. Volts, ; ,per-ho«r, ; 
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Very slightly active. 

29. Black sand from Ambos Camarines. Exact locality nnkiiown. 


Time, 
(a. m.) 
11.15 
12.05 


Volts. 

158.7^ 

]54.2( 


Volts 
per hour. 


5.3 


Very slightly active. 

30. Black sand from Agusan River (Biikidnon near Cagayan) Mindanao. 


Time, 
(a. m.) 
8.35 
10,20 


Volts. 

218.91 

207.9] 


Volts 
per hour. 

0 


Slight activity. 

31. Black sand from bed 
Mindanao. 

Time, 

(a. m.) 
10.25 
11.45 


of Manigui Creek, Agusan Province 


Volts. 

208.31 

198.3] 


Volts 
per hour. 

7.7 


( Biikidnon ) , 


Slightly active. 

32. Black sand from the stream at the base of Mount Panacion, pueblo of 
Li nabo, Agusan province. 


Time, Volts 

(a. m.) Volts. per hour. 

11.45 198.31 

I.OO 188.4J 

Slightly active. 

These results demonstrate that there is a slight, but rather generally distri- 
Imted radioactivity throughout the Philippine Islands, the waters of Taal Volcano, 
and some of the sands containing monazite alone showing pronounced phenomena. 



A SOLUTION OF OXALIC ACID AND URANIUM SALTS AS A 
CHEMICAL PHOTOMETER.' 


Bv Raymo.ntd F. Bacon. 

(From the Chenmal Laboratoi'y, Bureau of Science, Uanila, P. I.) 


Tlie study of tropical suuliglit was begun by H. D. Gibbs two and 
one-lialf years ago in this laboratory." Altiiougb the classical researches 
of Bunsen and Boscoe and others have already thrown much light on the 
el!eets of sunlight in various pm-ts of the world on certain chemical 
reactions and certain differences in the character of sunlight in the 
Tropics and in temperate zones have been discussed by these authors, 
still many interesting facts have presented themselves during the nine 
years of existence of this tropical laboratory, which convince all of us 
that th^ subject is still very obscure. Therefore it has been decided to 
take up the investigation from several standpoints, in order to determine 
in wliat ways the sunlight reaching the earth in the equatorial zone 
differs from. that in other latitudes; preliminary woik having indicated 
that, for many cliemical reactions the effect of the sunlight is much 
more pronounced in the Tropics than would seem to be indicated by the 
fomer investigations of others. Biologic literature is filled with articles 
detailing various effects, mostly deleterious, of tropical sunlight on animal 
and vegetable life, and there seems to be a general belief that the Tropics 
are not suitable as a permanent residence for white men. One of the 
principal reasons generally assigned for this condition is the effect of the 
suniighh It ' is obvious that any experiments made with , living forms 
can not he as 'exact , as when nonliving' matter is ' used, as in tlie ' former 


' r»ulls 'so fn,r' obtained on thk subjeot -are given 'in the' following ■ paper, 

although the investigatioii is not as yet complete. The work is being continued 
by Mr. H. B. Gibbs of the Bureau of Science, and Doctor Bacon will make a 
series of comparative measurements in. Washington, and the joint results obtained 
’ by these two invtetigs^tors, and by others in .different parts of the' world, will be 
presented ay*)'* ' ■ 

* A ol bOBS|e ol th® «3pe^ of work is ^vepi ih tho addrew of the 
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case there is such a large ada]>tal)i lit y, too many conditions which can 
not exactly he controlled, and, consequently, no one ]>ro]HU‘ty can ]>e 
selected which can ‘ accurately ho ineasurefl and known to l)(‘ in 11 uein^ed 
alone by the sunlight. Thus, while it is hoj)ed ultimately to e.xlend lliis 
investigation to living tonus, and while one of thc‘ iiltiniat(‘ ohjh't-ts of tin* 
researches would he to discovei* the effects of tropical sunlight on imun 
it is necessary first to make an extended -series of ineasuixunents of tiie 
effects of this light on the speed of ehetnieal reactions, so that if possible 
it may he ascertained wherein there is a physical difference in the iropical 
sunlight as compared with that of temperate zones. The solutions whitT 
have been extensively used in tips connection as cluanical photoinetei’s 
all have some grave defects. 


Bmiaen and Boscoe“ used the combination of liydrogtm ami chlorine. Wliis 
reaction is exotlicrmic and is also catalyzed by the products of the reaction. 
While Bunsen and Roscoe largely avoided tb{‘se disturbing factors l)y the design 
used in constructing the apparatus, the method is still open to ecmsiderablo (U'ror, 


and, furthermore, it is not a convenient one to operate, cjuite a necessary factor 
when making extended series of measurements in different places. Tliewe authors 
also used the blackening of a specially prepared silvel- paptu-. This I'e^actiou 
suffers from the disadvantage that ready prepared Sensitized papers vary greatly, 
es|>eeially in the Tropics where they deteriorate very rapidly, and if special paper 
is freshly prepared the process is somewhat tedious and it is dillicult always to 
secure a silver salt of the same degree of sensitiveness, Eder* proposed the 
i-eaction of mercuric chloride on ammonium oxalate, mercurous chloride being 
separated in the light. As Eder*s solution becomes very cloudy in the light, it 
is obvious that very soon after being exposed to the sunlight, tlm reaction would 
proceed quite slowly, as little light can penetrate into the sedution. Moreover, 
the reaction has a marked temperature coefficient; with a fixed light intciiHity 
it proceeds regularly in a slower and slower measure and is very markedly 
catalyzed** by many substances, especially by carbon dioxide, which is one of 
the products of reaction, and hence is never present in constant amount. Then*- 
fore,'" we discard' Eder’s solution as- being unfit for our purposes. Marehand « 
mad© ^ a, large number of measuremenifes with a solution of oxalic and ferric 
chloride. : As' d'';ha’TO„shewii'' in a previous 'paper ,V the action of oxalic acid on 
ferric chloride in the light proceeds very rapidly during the first few minnics of 


exposure, but the rate diminishes very soon because of the separation of tlie iron 
as insoluble ferrous oxalate. 

Buclanx’* used dilute solutions Of oxalic !acid to measure the effect of sunligbi. 


. <i Je^ I'os, iss; nu. (i862), 117, 

Sg»i Tto. <W4), 1S1, 266. 

WUn- ( iSTfl 1 , 80, 63«. Bcler’s 
W aM W lawcwic (jhloride to 
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I sluill show below that tlie decomposition of oxalic acid, as lie used it, is due 
to an intermediate formation of hydrogen peroxide, and is so markedly aiitoeata- 
lytic that over lialf the decomposition would often take place during the la^i 
two houri^ of the afternoon, when the sun’s power is quite feeble. Hence, this 
solution must also he discarded, although I made a few measurements with it 
in JManila to compare them with Diiclanx’s rcstiHs in France and elsewhere. 

hi a previous ]japerp in which 1 made sonit* Inief studies on the action 
of uranium salts on oxalic acid to determine whether radioaclivitv teas 
connected witli the observed effect. I stated that this solution appeared 
to be very promising as a clioiuical photometer. Further work iias con- 
firmed tliis conciiision, and wliile it is not ideal from every standpoint, 
still it seems to be the best for the purpose in hand of any which have 
been suggested. 

Oxalic acid solutions absorb almost all of the rays of the ultra-violet 
spectrum, and tlie same is true of iiraniuin salts, so that the ultraviolet 
portion of the sun’s ra 3 ’s may usually be assumed to be that part which 
is active in tlie reaction. Kayserd’ in summing up the work on tlie 
absorption speetruiii of uranyl salt solutions, states that the relations 
are e^dclently very complicated, but that there is general aljsorption in 
the violet and ultra-violet regions witli bands in tlie green, blue, and 
•violet, Jones and Strong^- state in a very recent article that uranyl 
salts ill solution are yellow and their absorption spectra consist of a 
broad band of general absorption in the ultra-violet, which extends more 
and more into the region of longer wave lengths as tlie amount of 
uranyl salt solution in the beam of light is increased. 

Therefore, it may he considered as being fairly well established that 
the active waves from the sun measured by this solution are in the ultra- 
violet. T have shown in another paper that there are good grounds 


■ ^ Loo. Gif. 

^"According to Hartley and Huntington, Phil. Tram. {1879), 170, I, 257-274, 
with a 10 per cent solution of oxalic acid absorption tegins at wave length 
320 ft, ft.. According to K. MaHni, l^novo Ohim. (1903), (5), 6, 343-370, who 
u»d a layer 1 centimeter in ihiekness, absorption' begins for' the different dilutionH 
as follows; 


N 

l" 


300 . 9 , 270 . 6 , 234 . 4 , ^ 230 . 0 . 


Mandhuch, 111, 426. A .good Summary ;of the 'literature is found 'in Kayser*s 
Eandhuch III, 418. 

^ Amer., Ohism. Journ. 46.' No ' wprk; Seeuis ,tc> have been done' on 

the infra-r^ absorption spectra of oxalie acid or mrfemiupi salt aolutiouS. 

ol Infra-Ked Speciarah,' AtpS, 

IWlS. ' The fact ishowu that urauyl aoetate^pxalic acid rmetiou hm 
uo t^perathro 'that dre no Motive r^ys involved 

|U 'this part ,tte hJ y ! ' h ‘ " I " 

, *.tl« ^ iSWSght ■Ml* Sowe m ^Ba«So- 
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for believing tlie tropical sunlight to contain a largo pro[>oj‘ti(jn oL' 
such rays, therefore it was consiflered desirable to use a solution sensii,ive 
to siieli short wave lengths in tlie iirst series of nieasiireinenis of the 
chemical effects of tropical sunlight. I do not consider that there is 
any good reason for classifying the sunV rays into infra-red or heal 
rays, visible rays, and ultra-violet or chemical rays, as there are just as 
many chemical reactions affected hy light corresponding to Ihe \'isil)Ie 
and even infra-red parts of the spectrum as tliere are hy ultra-vioiet 
portion. 

Since the time of Seekamp many papers have been published on 
the subject of the decomposition of oxali(^ acid, but it is rather remark- 
able that none of the investigators have followed tlie reaction cjuanti- 
tatively, in order to study the effects of concentration, various eatnlyzei's, 
etc., upon its rate. For practical purposes, the decomposition of o\alic 
acid under the influence of uranyl salts may be assumed to take place, 
as follows; H 2 C 204 ‘^C 0 o 4 --C 0 -|-T-L(). The amount of formic acid pro- 
duced is small, and the quantity of urmyyl salt reduced during the 
initial stages of the reaction is also negligible, vSo tlial; for comparative 
measurements these factors may be disregarded. 

In my earlier wovk on this subject I used the gas given off as 
measure of the amount of decomposition of the oxalic acid. IIoweve:r, 
it is well known that reactions measured by gas evolution are subject 
to errors, due to the size, shape, and material of the vessel, and the 
possibility of supersatnration of carbon dioxide solutions. Hence, in 
my later work, I always determined the undeeomposed oxalic acid,, 
acidified with sulphurie acid, by direct titration with potassium per- 
manganate, after removal of the uranium salts with a slight excess of 
ammonium hydroxide. The uranyl salt-oxalic acid solutions were ex- 
posed to sunlight in 100 cubic centimeter Erlenmeyer flasks and the 
rate : of; deconaposition; determined by direct titration. 

^ quantities mf oxalic acid and 
uranyl salt were varied within rather'' wide limits /to /discover tli© effect 

Ohmi.. (liebig) , (1862), 122, :H3^ (1865), 133, 263. Fay, 

Ammr. QUm, Jmm. 18,,269, gives- a., good, simimary of the older work on 

'13, 305; laither, 
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of tlio eoncentration. of tlie t^o substances on tlie sjjeed of reactiori, 
Tlie results obtained are presented in the following tables : 

Table I . — Results with vannng amotint of oxalic acid and iiranyl acetate. 


[Manila, October 21, 1909. Flasks exposed from 9.05 a. m. to 10.50 a. m. SIcy partly 
hazy. Temperatuni of air, 29"~30®. Temp^'rature of solutions after exposure, 



i ; 

Weight i 

Weight 


Found 1 

Oxalic ! 
acid 

decom- , 
posed. ' 

Xuruher. 

uranyl , 
acetate. 

oxalic 

acid. 

Water, 

oxalic ! 
acid. ! 

— . . 


, - 

— _ — .. 

— 



Gram. , 

Grain. 

CC. ! 

Gwiti. 1 

Per cfvf. ' 

1 ^ i 

0.0 : 

0.5000 1 

100 ■ 

0.495 ; 

1 1 

‘■J 

0.05 , 

0.5000 I 

lOO 

0.34 

32 

3 

0.10 ; 

0.5000 ! 

lOfJ 

0. 25 

50 

4 

0. 15 1 

0.5000 

100 

0. 10 


5 ‘ ' 

0.20 1 

Q.mm ; 

ICRl 

0. 07 ; 

86 : 

6 

0.25 1 

0.5000 ; 

100 

! 0.05 = 

90 1 


0.30 ' 

0.5000 i 

100 

, 0. 04 : 

92 

8 ' 

0.35 1 

0.5000 1 

100 

0. 04 

92 

9 . " 

0. 40 1 

0.5000 i 

100 

0.045 ' 

91 

10 

0.45 1 

0.5000 1 

100 

! 0, 05 

90 , 


0.50 

0.5000 i 

100 

: 0. 05 

90 

Gram. ■ 


0.1 1 

0.1 k 

20 

j 0.14 

! 0.086 ; 

13 

0.1 ; 

0.2 

20 

! 0.026 

0.17 

14 

; 0.1 : 

0.3 ; 

20 

0. 097 

1 0.20 

If) 

0.1 ’ 

0.4 ; 

20 

' 0. 140 

: 0.21 ’ 



0.1 i 

0.5 

20 

0. 20 

0. 2-4 } 

17 - 

0.1 

0.6 ! 

20 

0. 399 

i 0,20 1 

18 - 

0.1 ’ 

0.7 

20 

- 0. 486 

0. 21 1 

19 

0.1 

0.8 

20 

0. 599 

' 0. 20 : 

20 - - 

0.1 : 

0,9 

20 

0. 71 

0. w . 

21 - 

0.1 ; 

l.U 

20 

0. 8 

0.20 ! 

Flasks Nos. 1 to 11, in which the : 

amount of oxalic 

acid was constant and 


the per cent of the nranyl salt varied, demonstrated that each increment of 
0.05 gram in uranyl acetate content increases the speed of the reaction hy 18 
per cent until the limit is reached in No. 5. In flasks Nos. 12 to 21, where the 
amount of uranyl salt is constant and the oxalic acid is varied, except for 
,the minimum concentrations of oxalic acid, in Nos. 12 and 13 the speed of the 
reaction is constant within the limits of experimental error. These experiments 
show that within' vory wide limits, the .'concentration nf uranyl salt is the eoie 
fac'fcor ih' d^ermining the^ speed of the reaction. 'Other ',foc|)eriments giving the 
Samh' genital '!'results, are' as -follows ' ' - - ; 
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Tabli5 it , — Mesitlts tciflt varying amounts of vnmyt awtnlv solution. 


25, 1909. Manila. 11.10 a. m. t 
made up to 20 cubic centimeters.] 


Sky slif;l 

lily oven 

at St. All 

solution!- 

! 

i Oxalic 

Uranyl 

j O.xalitt 

DilTer- 
(tncti for 

1 cubic 

, acid so- 

fuvtaie 

! acid 

centinii!- 

lution. 

solution. 

i deconi- 

U-r 

r" ' 

I rc. 

ec. 

i posed. 

Per cent. 

uranyl 

acetate 

solution. 

I lO 

10 

8.9 

0.9 

’ 30 

y 

8,0 

0.8 

I 10 


7. 2 

0.8 

10 

7 

0.4 

0.8 

10 I 

0 

5.6 

0. 8 

10 i 

5 

4.9 

0.7 

10 1 

4 

4.0 

'0.9 

10 i 


3.1 

0. 9 

10 1 

2 

2.8 

0.8 

10 I 

3 

1.0 

1.8 


The effect of acids, alkalies and a few other suhstances on the rate of the 
reaction was next studied. The results are presented in the following table. 

Table IV. Results of the addition of other substances on the rate of reuation, 

ITen per cent oxalic acid, 1 per cent uranyl acetate solution. Exposed October 25 1909 
11.10 a, m. to 12 m. Sky slightly overcast. All solution.-? made up to a volume 
of 20 cubic centimeters.] 

I Oxalic Uranyl 

1 OU>or«Mltiom,c..uWo centimeter*. 

tion, tion, dccorn- 


; Cft CC. 

5 5 


1 10,^ swlphurle a<dd„, 
I 10, S acetic acid..-,;.,, 
5,'^;SuiphUrte'aoi4,' 


10, hydrochloric acid , 














OXALIC ACID AND URANIUM SALTS AS A PHOTOMETER. 287 

Table 1\' shows that added acids or alkalies liave no eliVct provided they do not 
reduce the content of the s<dution in iiranyl salt, as in number lib With 
aninionhmi oxalate the reaction practically proeec<ls at the same rate as with 
oxalic acid. 

in the. following table.s the eJteets of various substances on the speed of the 
reaction are noted, also that of the size of the vessel and the material of wliic-h 
it is made. 

Table Y. — Effects of various suhstances, and of the size uiid umteriaJ of the vessel. 

fNovember S, 1909. Manila. Sky partly overcast. Ten per cent oxalic acid solution,' 
1 per cent uranyl acetate solution.] 


j Oxalic Uranyl i 
i acid acetates 
: sol 11 - ' soln- i 
: tion. tion. | 


Other additions. 


2 I 10,50-11.05 I 

3 ‘ I 10.50-11.30 : 


25 cc. Eder’s solntion. 

10 cc. Eder’s solution.! 

10 cc. water i Control 


4 1 5.0 : .5.0 I 10.45-11.30 10 cc. water Control I 

5 j 5,0 L j 10.45-11.30 14cc. water, lee.5per j ! 

j j j cent uranyl nitrate. ! 

6 j 5.0 j 10.45-11.30 15 cc. dilute, solution ! 

i j of fluorescein. ' 

7 5.fl I 1 10.45-11.30 1 15co.ditute, solution ; : j 

j ; j of eosin. , ' 

S 5.0 5.0 i 10.45-11.30 j 10 CC. water | In quartz beaker.- 

9 5.0 i 5.0 i 10.45-11.80 I 10 ee. water i Flat dish open to 


Table V sliows that there is practically no difference between the nitrate 
and acetate of uranium as accelerators of the reaction, that neither duoresceln 
nor eosin alone have any effect on the decomposition of oxalic aedd and that 
the sizie and shape of the vessel markedly infiuence the rate of the reaction. 

Table Yl.--^Effect of 'various suhstances. 

[Decetafoer 14, 1909, 10 a. m. to 1 p. m. Ten per cent solution of oxalic acid, 1 per cent 
elution of uranium acetate. All made up to a volume of 20 cubic centimeters.] 


Oxalic . 
acid 
dfecoin- 

ptMCd- 


10' Made faintly alkaline tophenolphihaleln , ■ 

with NaOH. , - ; 

10 Made faintly ;alkMine to pheholphihalditt 

withKO^E,/ ' 

1^ Madefatotiyaik^iaetophenolphthaiein 
;i , I with HHjf polntfon. ‘ y 

' .10' ; ,, 


Pier 'CmL 
O' 
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Table VII. 


! Dec^ember 15, 1909, Manila, l.Oo p. m. to ,1.05 i). in. Solution made to 20 cubic ceiiti- 
meterfi, 1 per cent uranyl acetate solution.] 


X limber. 


1 ; 5 ce. 10 per cent potassium o.xalate solution . 

2 j 5 cc. 10 per cent oxalic acid solution 




Uranyl 
nc(‘.tM tc 
solution, 

Oxalic 
acid de- 
eom- 
po.sed. 

cc. 

Gram. 

10 1 

0. 2174 

10 1 

0 . 2 * 2 S 2 ' 


T.xble VIIT. 

[December 16, 1909, Manila. 9.50 a, m. to 12.50 p. m. Ten per cent oxalic acid solution, 
1 per cent uranyl acetate solution. Volumes all made to 20 cubic centimeters.] 


Number. 


Ura- 

Oxalic . Ilium 
acid so-!acetate 
lution. j solu- j 
, tion. 


Ileintxrks. 


Oxalii! 

; acid de- 
coin* 

: posed. 


cc. 

10 


Made faintly alkaline to phenolphthal- 
ein with sodium hydrate solution. 
Made faintly alkaline to niethyloran^fe 
with sodium hydrate solution. 

Control . 


/*cr eini. I 

0 i 


70 


Table XJ. 

[Manila, December 26, 1909, 9 a. m. to 12 m. Ten per cent oxalic acid solution, X por 
cent uranyl acetate solution. Also repeated on December 27, 1909, 9 a. m. to 12 m., 
and December 28, 1909, 9 a. m. to 1 p. m.] 


Number, 


Oxalic TT.™,.,,.! I 

acid so- 

lution, 


Remarks. 


Oxalic acid dccoinposed- 






I • ^ , f ' '' 1 


i/T'" 


I ' Control in fiD c(i.,Brlenm.eyer, 

I ,,0aslc. ■ ■ 

‘i lU'W cc; Ntlemneyor dwk-r 
■, j;; 100 CC:-' llrlenmeyer flaskvr 


Dec. 26 

1 

1 Dc<5. 27 

’ ' 1 

Dec, 28 1 

Oram. 

Gmm, ' 

' " ' 1 

Grmk ! 

0, 268 

0,251 

0,427 

0,291 

' 0**258 ' 

,0.476 

0 . $li 

0.274 1 


/O. 8 O 2 ' 

0.256 i 

'0*427' 

&;403 

j ' ' 0 . 8 ^ 1 , 

0.472 

,4 0;814 . 

0,261 1 

j ^ 

Oy 465 

■L ' ' ! ;., t 

0 , 228 

1 0, 182 


' 0.266 

j 0*248 


f j, f'" 

1'*''!'^', ' ‘U' 

0,420 1 
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Table X. 


[Manila, January 11, 1910, in, 15 a. m. to IJIO p. ni. Slcy hazy, 10 per cent oxalic acid, 
1 per cent uranyl acetate. All solutions made up to 20 cubic centimeters.] 


Number. 


oxalic 
' Hoid. 


Urtinyl 

.'Solu- 

tion. 


Kcniarlcs. 


.A. mount 
oxalic 
acid 
decom- 
po.sed. 


1 . 


f5. 

4. 

•5. 


i (i, 

i 


(T. ' 6‘ram. 

10 Control - 1 0.201 

; 0.0284 

Adclcd2dropsconcentrftte(l.siil[<huric'aeid i 0.0281 

Added 2 drops aniline u. OOS 

Added 2 drops phenol • O.ous 

' Colored with malachite green ' 0.004 

Colored with methyl violet : O.UUi 


T.able XI. 

[Manila, November 20, 1900, 10.40 a. m. to 2 p. m. Sun only part of tbe time. Ten 
per cent oxalic acid solution. One per cent uranyl acetate solution. All made up 
to a volume of 20 cubic centimeters.] 


; ■ Tran- '• 

I Oxalic ; ium : 
Number, ! acid so- acetate 

; liition. ' solti- ‘ 
tion. 


Added. 


Deeom- 
pewition 
of oxalic 
acid. 


a, 


2. 

а. 

4. 

5. 

б. 
7, 
S. 


5 

5 

n 

.5 


c'c. 

10 

10 

10 

10 

10 

10 

10 

10 


Control— 

0. 05 gram quinine 

0. 01 gram cinchonine 

0.01 gram strychnine 

0. 01 gram brucine 

0. 01 gram atropine 

0.01 gram inor|)hine 

0.5 gram copper siilxdiate 


j Pr.rrrnti 

I ' 25 

' 

10 

' 12 

I 22 

.1 n 

j 19 

2r> 


Tables VT,' YU, and VIII, show that a certain proportion of hydrogen ions, as 
measured by phenoiphthaielii, are necessary for .this reaction. This is probably to 
' be interpreted in the; sense that the reaction takes place as long as uranyl salt is 
present. 'The hydrogen ions per so probably have no effect, as increasing their 
Biwnher very' markedly did not accelerate the reaction, as shown in Table IV.. 

' 'Table IX/'in which' the .same series of measurements was repeated three times, 

^ demonstrates', that iiiereasing .the surface of .the 'solution 'increases .the rate' of 
’reaction; and also that diluting,, the ' solution (Ko',. 6) increases Its rate, |The 
two observations, Table V, 3jIos..,$:.and',:0,;VWch'aeein 'to,«ntra^^ this stdtmnent, , 
are i^robablf abnormal because of the fact that the solutions became concentrated 
thrnt^gf'''#^tjpo»titOm In the e:sp«ri«ients’ given in TablO IX, the volumes wme 
kepi 'constant to avoid the disinridng ftetor nf eha^e of eopcentration. . In Table 
IX, STk % the hx>fp as it 'wm known to ateorb light 

It wouM assM tb# ibh. italic acidi , although 
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No. 6, Table V, had already shown tliat iliiorescein did not have this elfecd. Table 
X shows that 0.1 gram of nranyl acetate accelerates the reliction appro.xinialely to 
ten times the rate oljserveil with oxalic aci<l alone, a-iul also denionsi,rat('s that 
phenol, aiiilinej malachite green and methyl violet, lik(^ llnoresceVn, prfdect the oxalic 
acid from the rays of the sun, probably by prevtniting' the laitei- from pcaietrat- 
ing far into the solution. The e.xperinients of Tabh* XI, prove* that snmll 
amounts of alkaloids act as marked poisons in this c-a,ta lysis. 1'h,e results 
agree with those found in my previous paperd® hut it was thougld neees.saiy to 
repeat them, using the titration method, lirst making the s(dulif>ii alkaline, 
and removing the alkaloid with ether before th(‘ titi'atioii, as it was eonsidered 
possible that in the earlier experiments the alkaloids might liave lu'ld Inick 
some of the gas, the volume of which was used as a measuix’ of the amount 
of decomposition of the oxalic acid. The following (‘xperiment s(‘r\’es ns furtlier 
eontirmation of the poisonous character of alkaloids in this instancix 

Two flasks connected with eudiometei*s were j)ut in the snnlight as follows: 

1. Five cubic centimeters Id per cent oxalic acid, 5 cubic centimeters 1 per (*ent 
iiranyl acetate solution, 10 cubic centimeters 10 per cent sulphuric acid. 

2, Same solutions with 0.1 gram cinchonine. 

No. 2 gave 25 cubic centimeters of gas during the time that llask N«». 1 gave 
45 cubic centimeters. 

The effect of temperature on the rate of decomposition of oxalic acid by uranyl 
salts is shown by the following: 

1. November 19, 1909, IVIanila. {a) Five cubic centimeters oxalic acid, 10 culnc 
centimeters 1 per cent uranyl acetate^, at boiling temperature, (h) Same solu- 
tion at 30°. From 10,45 a. m. to 11.05 a. im both solutions lost 0.002 gram o.xalic 
acid. 

2. Two flasks each containing 10 cubic centimeters 10 per cent oxalic acid 
and 10 cubic centimeters 1 per cent uranyl acetate solution. Both exposed to 
the sunlight, side by side. Flask A equipped with a reflux condenser and kept 
boiling and Flask B heated only by the sun. ^ Final temperature 44°, A, 0.127 
gram oxalic acid decomj>osedj B, 0,130 gram. * 

These experiments indicate that this reaction over a wide range lias no 
tempera tnre 'coefiieient. 

According' to,' 'dbne$ fouiid' that, a very small amount of uranyl oxalate 
'Will' d^coihpose' a very large,' if,, not an 'imlimited quantity of free oxalic acid, if 
ex,pbefd/ephtinuoU8ly to',;th6 Idireet ■' 


The experiments which T made on thi$; |)0int ate as follows : 

L Ten ohbfe o^timeters I |>er cent uranyl acetate solution,' lO of 10 per ,ceut 
,,,, to thO' 'Sun, .the groeu 'Color of the 

mUMlf anttt t|iere fe oriiy a grayish precipitate. Titra- 

' (tiou no hoidiolt in 'ihe solution, In this experiment 0.1 

^gmm of ^ o«io acid, and there is no 
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li. Fifteen cubic eeiitiineters 10 ]jer cent oxalic acid ?5t»!ution ; 10 <»f 1 per cent 
iiranyl acetate solution. 1.21 grams oxalic acid clecom posed. 

These experinients do not agree verv well with each other, but they 
seeaF to Indicate that there is a limit to the ainoiint of oxalic aeid 
wliich a (lellnitc quantity of tiranyl acetate can decompose, but tliat 0.1 
gram nranyl acetate <.*an. in some eases deeompose as miicli as hfteeii 
times its weight of oxalic acid. The reaction is therefore catalytic. 

Tlte dlfeet on the absorption of sunliglit lyv the solution of nraninni 
salts on the s}>eed of the reaction was sliown by the following; 

A double-walled test tube was prepared, the distance between tlie two walls 
being at all points 4 millimeters. Ten cubic centimeters of 10 per cent oxalic 
acid were placed in the inner tube together with 10 cubic centimeters of 1 per 
cent uranyl acetate, and the same quantities of tlie.se solutions in the ouier. The 
whole apparahis was so designed that the level of the liquid in the outer compart- 
ment was about 5 millimeters above that in the inner one; it was exposed to the 
sun for several hours, and then the decomposition in the two tubes measured. The 
amount of oxalic acid decomposed in outer tube, 0.234; in the inner, 0.240 gram. 


The experiment was repeated twice with tlie same general result, 
luimcl}', the decomposition in the inner tube was always slightly greater 
than in the outer. This seems very surprising and certainly shows 
that there is not a very great absoi‘]>tion of the sunligiit in a layer 
of tlie solutiou only d millimeters thick. It was thought possilde that 
the J’ays, in passing through a thin layer of a solution of uranium salt 
might be so changed as to^ become more active in exciting the reaction; 
lienee a solution of 10 per cent oxalic acid was placed in the inner tube 
and one of uranyl nitrate in the outer. After a week^s exposure to the 
sun, there was practically no decomposition 'of the oxalic acid. It is 
possible that the observed results may be due to slight lens effect. 
In anv (went, the experiment will be repeated in other modifications 
before an attempt is made to draw conelnsions. It is interesting to 
note, in this connection, that whereas a solution of uranyl acetate will 
undergo auto-oxidation in the sunlight, and finally deposit a purple 
tO' bhmk' precipitate, the' corresponding nitrate in solution seems tode 
perfectly stable to sunlight. Similarly, while a limit of the clecom- 
positiou of oxalic acicl b^ tiranyl 'acetate^ ,was apparently reachodj* some 
preliminai-y experiments with the nitrate and sulphate indicate that 
with these salts the limit is^mpeh higher. . ^ : 


fta.tes that he ebtained and 'hydrogea peroxide, byHhe' 

action of carbon dioxide oa water in the presence of nranyl acetate, a result which 
, wfta strodgly feritici»ed hf igeverth^c^, it was ©onsldered advisable to 
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attempt to confirm these results under the influence of tlie tropical sunlight. The 
experiment ■was performed under varying conditions, in open flasks a,nd in sealed 
tubes, and witli the acetate, sulphate and nitrate of uranium, hut the results in 
eveiy case were negative. No formaldehyde and no hydrogen jieroxide (-on Id be 
detected. In the course of this work it was found that glyoxalic acid (pluaiyl 
hydrazone melting at 121°) is one of the products formed in the decomposit ion of 
acetic acid and uraiiyl salts in the sunlight. 

I was not able to substantiate the fact stated in the older literature 
tliat large anioimts of formic acid are formed in the reaction of uran}d 
salts on oxalic acid solniioiis, as is shown Iw the following typical 
experiment ; 

Twenty-five cubic centimeters of 10 per cent oxalic acid to which 25 cubic 
centimeters of 5 per cent uranyl sulphate solution had been added, wer(^ exposed 
to the sunlight for several days until ihe reaction was apparenily cuunplcle. 
The solution Avas diluted to a volume of lUO cubic ceutimeters and 75 cnbic ccnli- 

N 

meters distilled. This distillate was titrated with sodium hydroxide, using 
phenolphthalcm as an indicator, and gave less than 0.002 granrof a(!icl, c;de\ihitnd 
as formic. Titration of the distillation residue proved that oxalic acid had in 
all iu.stances been completely cleeompos(*d. Thertd'ore, it is evident that tvhmi the 
reaction of uranyl salts and oxalic acid goes to compicdion, there is practically 
no formic acid left in the solution. In my former paper I found that formic 
acid was not readily decomposed by uranium salts, hence it appears probable that 
very little was formed during the reaction. However, I will take up this jfliawe 
of the question at a later date. 

Duekux made very extensive studies on the actinic; jjower of tlie 
N 

sun, using a solution of oxalic aedd exposed in flat, slialiow vessels, 

I shall discuss his results at some length, because, while I do not con- 
sider Ms solution of great value as. a chemical photometer^ still his work 
is given in such form that ■ comparative measureinonts' under the same 
condltiommouM 'be carried on' iti Manila. This auilior statics: 


the limite of bur atmosphoro 
become modified while passing through it, according to a law which ia peetdiar 
to them, and, so fax as can be seen in so new a subject, tbeir absorptilm is not 
the same as that of. the calorific or luminous parts of the specirumfl’ .After 
speaking, of the fhet that landscape photographeti often encouni.er days, on which, 
wk|e the m # m bright m naval, it to difficult to obtain ])totures 

* Mth hbriml are 'days op. which for some unknown 

on others^’ and ^‘The very 
of only 9 per cent wlun the 
Thus 
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]\Iay 12, wliich he classifies as a “fine day/’ gave a combu^tiuii of 4G per oieit. 
while May 13, given as a “very fine day,” gave a eombiistioii of only 29 per cent. 
September 6 and 7 each gave one of 7 per cent, while September S, classed as a 
“(lay similar in appearance to tlie two preceding,” gave a comhiistioii of 2S 
per c(nit. ^ 

^iaiiv siiiiihir ligiircs c()ii]<l be givvii. Every observer of tlie effect of 
suiiiigbt (jii clieinleal reactions from the time of Bunsen and Eoscoa, 
has noted that without regard to the general appearance of the Innii- 
nosity of the siin to the eye_, or to tlie appearance of the sky and the 
transparency of the air, there are days which nnist bo classed as actinic 
and others as nonaetinie. Duelanx considers that so-called “invisible 
actinic clouds of vegetable matter*'' are fonned on certain days which 
absorb the actinic rays of the sun and are oxidized, preventing their 
read ling the surface of the earth. Tins author measured the decomposi- 
tion of oxalic acid in France, in Helsingfors and in Algeria, and found 
that in traveling north, the rate of the reaction becomes greater. He 
saj's ‘‘■It (tlie actinic quality of the sun) would no doubt be found still 
weaker if we approached more nearly to the equator.*’ 

A[y measurements, made according to DucTaiix's methods do not bear 
out this statement, as the rate of decomposition of oxalic acid in Manila 
is inneh, greater than that which he found for any locality in which 
measurements were made. I consider one of the main factors in causing 
actinic and nonaetinie days to he quite different from that assigned by 
Dudaiix, for I regard a day with a homogeneous atmosphere as actinic, 
and one during whicli the atmosphere is more or less stratified as non- 
actinic. It is well known that a comparatively sliort thickness of air 
will cut out a larg<^" amount of the more refrangible rays of light, if 
this air is composed of a series of layers of different densities. The 
measurements of Duclaux in Algeria were made on the edge of a desert, 
where the conditions are ideal for forming columns of heated air and 
ultimately many strata of very different densities. The desert is the 
place pm\ excellence of optical illusions, these having their physical 
basis :iu such, air layers. , One would not expecd the refrangible, short 
waves ' of light to 'reach the earth in quantity in such a region. ^ The 
measurements at' Helsingfors were on the seashore, where the great body 
' . of ; wafer.' teB'dS'' to 'miake the air homogeneous, while those in the^ interior 
of France, with a ''Considerable amount of yegetation,. . would be expected 
' , to be intermediate, between -the, ones' at fleteingfors;,, 'and Algeria. ; ^ Trop- 
ical islands almost absolutely ‘covered .■ with’ 'vegetation and'^' tenrrpnnded 
by tbe sea offer the least opportunity' lor the production of columns of 
hpated and ^therefore m t|mre are practically no bare 

the riae heated lay^m ^ Moreoyey^ 

- ' y - vu; ;Ti / ^ 'ii; A , b ^ 

W ' h, ' t, ' y , '( '>• '■ V < \ 'I 'I 'f.' -1. ® ^ -Cli > ; 'i rf, i ^ ' y t; 'V *> ‘ (*’>■' > y*," ,« 'I ' ‘ J " >'k Vt C ' ' I 
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tropical region has proved to be very ac'tiuie with regard to the decom- 
position of oxalic acid.-- 

Dudaax states that oxalic acid niidevgoes a spoiitaneous (locoiii})()siti(ai in tlu^ 
air, and es])eeiaUy when ht‘ated; 10 euhic oeritiniet(M-.s of j), solulion of oxalic atdd 
heated for four hours to 05° lost 2.i) per eenl and in eij^lit hours 5.2 per (*ent. 
Neubauer*'* and Bizio both found that oxalic* acid dec-oinposes sponhuieoushv. 

N . . 

1 heated 20 cuhie eentinieters of oxalic* ac'id to hetwu'en lid'’' {uid 

lOite for four honrs, on a stem Inith. Tliere was alisolutely no loss. 
The older results are probably largidy due to the use o(: ])oor glassware; 
for Richardson found that oxalic acid is ({ultc stable if kept away 
from light. Solutions of a strength below normal are stal)le io ])rolonged 
heating at lOOT 

In tile first series of experiments T prepared a solution of oxali(' acid 
which was divided into several ])ortions as follows: 


3. This portion of the dh oxalic acid was left in a ilask which was i^xposcnl 


N 

1. January 15, 3010. One portion of tin's oxalic acid was cxposcnl to ilu^ 

sunlight fur two days in a sealed tube in an atm(>s])Iu‘re of hydrogen. In that 
time it had lost nothing and gave no test for liydrogc^n peroxide. 

' N * 

2. This portion of the oxalic acid was exposed in an o])tMi Krlenineyer Ilask 

during the same time as sealed tube No. 1. The loss of oxalic acdd was tiot 
measurable and the solution gave a strong test for hydrogen peroxide. 

N ' 

id 

only to the diffuse light of the laboratory. Faint test for hydrogen peroxide, 

A This portion was diluted with an equal volume of water forming oxalic 
acid, which was exposed to the diffu.se light of tiie laboratory as No. 3., 

Th*c infiiienco of sun spots on this pbenomeim has not yet been cuuisidered. 
;It;wy'he'a v^ry important iactd? ami. in the futvire -work on this subject an 
attempt will be made to correlate known sun spot phenomena witii the actinic 
pow'er of the sun as measured by these reactions we are studying. 

■ At Kieff it has been established that sun spot maxima are (^incident witlx a 
higher avei-age temperature. . For the wo,rk thus far aceompHshed in the Tropics 
the results are somewhat contradictory, Koppen ascertained that in the Tropics 
the tesi^peratirr^ ym Itf lower during sun spot' maxima than the average^i 
and that fivh'yiata before the .sun apot minimum* it rmehed, its 

yalW Uf t&e However, Very found that the fcem- 

■ Darwin,. S., mmI 

eun spot maxima than at 
.would appear that the solar 
Memory uoted ^ 
%y: howeyer* 
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A iviTain anioimt of tlieao solutions were now expost^d to rlie suoliglit 
ill flat Petri dislies on January 15, 1910. from *S.dO a. ni. to -1.30 p. m., 
with the following result: 

1. Ton eiibie eontiinetors solution No. 1. U8 ]m*i- cent (loeoinposition. 

2. Ton eiibie eoutinioters solution No, 2, IKJ per cent decomposition. 

T. Ten cubic centimeters solution No. :i. So ])er cent decomposition. 

4. Twenty eiibic centimeters solution No, 4. completely decomposed. 

Duehiiix says that an old solution uf oxalic aeiJ is much more sensitive 
to sunlight tluin one fresldy jwepared. He found that lie could sensitize 
Ills solutions Iw exposiii,^ them to tlie snn for a comparatively short time 
and ])elieves tins differenoeio he due to luoleeiilar changes taking place 
in tlie solution wliicli lie compares to sensitized eollodion. and to tlie 
variations in the degree of rotation of certain sugar solutions for some 
hours after they are prepared. 

However, my e.xperiments ]>rove that that increase in sensitiveness of 
the solution is due to nothing tlse than the formation of hydrogen per- 
oxide. When this is not possilde., tlie sunlight has no effect on oxalic 
acid. 

Diielanx also calls attention to the fact that the decomposition of 
oxalic acid at first proceeds very siowltT hut continues increasing in rate 
until, during the last two liours of the day, the gTeatest amount of 
coxn]}ustion takes place. The following experiments bring out these 
facts more clearly: 

January 12, 13, 1910. Manila. Both rather cloudy days. Two Petri dishes 

N 

each containing 25 cubic centimeters oxalic acid were exposed from 8 a. m. to 

4 p. ni. during both days. One dish with the same solution was exposed January 
12 only and one January 13 only. The quantities of oxalic acid decomposed in 
percentages were as follows: 

January 12 only, 9; January 12 and 13, 09.2; January 13 only, 40; January 12 
and 13, 70,0. 


Therefore, exposed solutionB increase in seiisitiveiiesB with the time of 
exposures, just as Duclaux luis stated/ the reaction being autocatalytic, 
as, is shown ,bj tlie fact that the sion' of two exposures on, one day is not 
equal to: one ^ exposure on two days. 

The '.following : results toetoohstrate the autocatalytic character of this 
jeaetion,: more clearly: ‘ 'v d 

January 17, 1910, '.llan,pa. ^ Bright ; Jay.; Tli© ^ dished Siniilat ' tO' , the above. 

■' ■ ' X ' ’, ' ' ,' ' ■ ' ' ' ' '' ' 

Each dish contained 20 cubic cehtimeierB of oxalic acid. 
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Jnmiary 18, 1910, Manila. Day solne^yhat liazy. Each dish contained 20 cubic 
centimeters oxalic acid. 


NumhiT. 

j Time. 

Ucecin- 

positioTi. 


i a. W.2K m. 1 

/Vt i‘niL 


! 9.00-1.00 1 

a(,‘ 


; 9.00-3.SO 1 

i 9.00-:t30 

94 

94 


January JO, 1910, Manila. Day hnoan as a bright one, but there was not. 

N 

nuich sun during the at’ternoun. Each dish coniained 20 cubic centimetevs 
oxalic acid. 


1 Number. 

I i 

Time, 

1 Dccoun 
po.siLion. 

i 

JJourK. i position 

1 pt*rli(,)nr. 

1 . ! 

[tt.m, p.wJ 
8 . 00 - 10 . Ot ) 

1 Per vent. 

! PereenP 

2 1 3 

1 

8 . 00 - 11.00 i 

12 

3 I 4 

3 1 

1 4 ; 

8 . 00 - 1.00 

8 . 00 - 3.00 

24 

, 48 i 

1 h ' 5 

7 ’ 7 1 

5 - _J 

8 . 00 - 4.00 

1 ■ 70 1 

; 8 : 9. 5 

e - - 

8 . 00 - 6.00 

1,00 1 

9 ' 11.1 


The graphic representation given on the op}>osite page shows the 
results of this antocatalysis very clearly. 


Februai'y 4, 1910, Manila. Bidght sun for the greater part of the day. Each 

N 

dish contains 20 cnbic centimeters oxalic acid and one dish, containing 20 
cubie; centimeters pure water* was also exposed,, during this time. 



eiaminatioto. together 
.the acid;, tests for 
,1 gave a doubtful 
|4.WlihBally 



Percent decomp oe/ti on 
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gaTe only a faint test. The results are represented grapihically on the 
following diagram. 



Other results with the solutions of oxalic acid in Manila are as 
follows : 

' ■ N 


20 


Qipalio aoid* 


f'l ' 


Bate. 


FebruOTy 17 ., 

Do 

February 

‘ F##aw:yi 7 -. 

: ,j . tflWW’W Hf ■ 


Time. 


Deoom- 

positioi?. 


Remarks. , 


ja. kt, p, -wt.l 
S. 46 - 2 :a 0 j 

: 


' 44 , ‘ ' 1 




95 

100 

9i 


j BrigMeup, % 

j m > 


, #1 J j iitkspt %h^ 
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Diiclaux, in i'^raiiee, giving an expu.snro during tlic hours from S a. m. to 
4 p. m., at Mont Bore in August and (September, 1S88, bbtaimMl an averagt* of 
18.3 per rent of decomposition; this special series being lower tiuui usual. A 
decomposition of 50 per cent Avas very usual in France. Jlowevan’, in a S(»ries 
from May 9 to June 11, 1888, at Helsingfors, thercj was, on the average, mnirly 
50 per cent decomposition, wliereas in Algeria only about 9 jau* c(nii was found. 


Other figures in the litej*aturo whieli are of some value for eoru- 
parison tvith the Sfanilo. results are as follows: 


Be AMes working in Holland, fonnd from 5 to 25 p(‘r ce,ni, (hH'omposii.iun 

for 10 cubic centimeters of oxalic acid hi the sun for 8 hours, and in <uie 

instance 50 per cent. Jorisson and Heieher-^ studied the decomposition of oxalic 
acid in sunlight, especially with reference to the cdl'cct of small additions of 
acids, alkalis and metallic salts. It is impossible to compare their results 
directly with mine for elimatologic purposes, as they say they exposed thtur 
solutions in large flasks, without giving the exact dimensions of tin* latt,er, 
but it is evident that the reaction was muck slower than in Manila. Thus, in 

one ease for seven days of sunlight with 10 cubic centimeters solution, the 

oxalic acid was decomposed' to the extent of only 12 per cent. »lorisHoii says 
nothing eoneerning the marked increase in the rate of decomposition with the 
time of exposure, but his results show this phenomenon very clearly. Thus, foi* 
two days, 15.9 per cent were decomposed, for five days, 100 per cent. 


Days. 

Per cent. 

1.5 

,16.7 

2.5 

37.6 

4.5 

91.7 

1,5 

8,7 

3.0 

39.1 

6.0 

93.5 

Sulc ^ working in Prag in the summer of 

Sot 10 cubic centimeters - ~ oxalic acid. 

1898, gives the 

. ' Bays. ' 

Tltre. 


10.04 

4 / ' - 

9J2 

'19 

'640 

^ 38 

' ' 0 J:4' 


following figures 


(3), B lUi 
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111 jiiiotlier oxperiiiK'jit 100 cubic centimeters ^ oxcJic acid were taken and 
10 cubic centimeters pipetted out each day and titrated. 


Bate, 1898. 

Days. 

Titre, 

June 29 

0 

11.00 

July 3 

4 

10.30 

July 0 

10 

9.40 

July 17 

18 

7.42 

July 25 

2G 

5.25 

July 31 ■ 

32 

3.52 


Enough data have been given to show that the decomposition of oxalic acid 
pioceeds much more rapidly in Manila than in those places in the temperate zone, 
where it has been measiired. 

The e-ffect of various other salts on tlie clecoiiiposition of oxalic acid 
was also studied., the results follow. January 19, 1910. Bright sun 
from 9 to 10 a. m. Bather eloucly after 10 a. in. All flasks exposed 
from 9 a. ni. to 1 p. m. 


Nnmbei 


! 1-. 
2„. 
8- 

4.. 
5-. 
fi-. 
7„ 

8.. 
9... 
10 . 


10 per ; 
cent ! 
oxalic ’ 
acid- 


Cnbie centimeters of other salts. 


'10 

10 

10 

10 

10 

10 


10, 1 per cent uranium acetate 

I 5. 1 per cent ferrous sulphate FeSO 4 

; 5, 1 per cent ferric chloride FeCl ^ 

lu, 1 per cent sulphuric acid_„.. 


, Trace, copper sulphate 

i Trace, manganese sulphate,, 
J Trace, mercuric chloride 
{ Trace, chromium chloride,., 
I Trace, cobalt sulphate 


j Deeom- 
I position. 


Per cmL 
40 
60 
66 
15 
0 

^ 8 
7 
5 
5 
10 


It is evident that many other salts accelerate the decomposition of 
oxalic acid, just as do those of uranium. 

A statement exists in the photochemical literature that platinum, 
gold and iridium salt solutions are reduced more easily by oxalic acid 
which has beon exposed to the sun, than by solutions which have not 
been insulated. ' , 


In view of the facts' already presented as to; ihe^ formation of hydrogen 
peroxide by the insolation of oxalic acid solutions, this is easily nuder- 

Stoodf * a', i * . f . 

s statOTeafe ta the ©feet thsd Bder's 

Wthough a readiiig 

! ^ i ' k , ' I ^ * f f I '* * ^ 

’ ' *>d*k'4 u, 

■ 
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of that author’s original paper shows him to have been aware of tlie fact that 
such 'an induction time only represented the period necessary for the liquid to 
become saturated wdth mercurous chloride. I tested this, using the titration 
method as follows : 

December 15, 1909. Manila. Bright sun during the greater part of Die, 
experiment. Each flask contained 10 cubic centimeters of Eder’s solution. The 
decomposition is represented in tei*ms of cubic centimeters of permanganate, 
containing approximately 0.6 gram per liter. 


Number. Tiiue(a.in.). 


: 1 .J 10.00-10.10 

: 2 I 10.00-10.20 

I 7 10.10-10.20 

' lO.OO-lO.BO 

i a - 10.20-10.20 

4 10.00-10.40 

j 10.30-10.40 

5 1 lO.OO-lO.fjO 

10 - i 10.40-10.50 

6 i 10.00-11.00 

11 I 10.60-11.00 


l)e<H)ru- 

pe.sition. 

2.0 

4.0 

2. 0 

5.0 

2.0 

7.0 
2. (I 

9. 0 

2. 0 
10. 0 

2.0 


There is absolutely no indication of an induction period. In every 
ease the speed dining the first ten minutes was as great as during any 
of the same periods at a later time. Fuiihermore, the Runi of the 
controls 1, 7y 8, 9, 10/11 being greater than No. 6, shows that such 
a period does not exist, but that the reaction actually becomes slower 
with time, as Eder has already pointed out. 

A similar se.ries made with a solution oE 5 cubic centimeters 1 per 
cent oxalic acid and 5 of 1 per cent uranyl acetate, demonstrated that 
the reaction with this salt also shows no period of induction and for 
short periods there is no retardation. The sum of the controls was equal, 

error,,, to No. 6. Many tests have also 
'indicated' dhai there: is,' no,: hydrogen peroxide, formed during the decom- 
potion ,':of ^oxalfc ^'acid'hy,; sunlight in . the presence of uranium salts. 

• A few comparative measurements’ of the acti of sunlight on the 
oxalic aeid-uraninm acetate mixture were made in Manila and in Chicago. 
These indicated, as is shown below,, that ihe sunlight is lunch more 
«tiv% so far miM$ & wncemed^ here than it isln Chicago. 

^ Sta>fes/a>qtiially haye a larger proportion of 

0UhI%hi ahow, owing to the 

Thus, the United 


for the follo-w- 
61,',: '(whicftgo 
16 ,.:,. Salt 

•;,ih 0.1 
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many cities in the temperate zone tends to a certain extent to equalize 
the lower intensity as compared to Manila. 

Some general comparisons of the action of sunlight in Chicago and 
Mmiila are brought out in the following table, 100 cubic centimeters 
ot solution containing 5 grains oxalic acid and 1 gram iiranyl acetate in 
a 100 cubic centimeters Erlenmeyer flask, being used- in every ease : 

Ghicago, May-June, 1910. 


Time. 


Cubic 

X centime- 
Minutes. 


12. 20 p. m. to 3. Oo p. m I 165 

12. 51 1), m. to 2. 53 p. lu i 120 

10 a. m. to 12. 15 p. m | 335 

9. 25 a, m. to 10. 55 a. m | 90 

11 a. Dfl. to 32.20 p. m j 80 

9. 35 a, m. to 10. 35 a. m i 60 

9 a. m. to 11,30 a. m i 150 

11. 80 a. m. to 1.30 p. ; 120 

1,30 p. PI. to 3 p. m 90 

3 p. m. to 4 p. m *. : 60 

Total I 1,070 


55 

S5 

51 

58 

15 

43 

62 

68 

36 


540 


These figures show that, in the series carried on in Chicago, approxi- 
mately 100 cubic centimeters of gas were evolved in two hundred minutes. 

Manila^ Octoher-'Novemher^ 1909. 


Time. * : 

Minutes. 

t 

Cubic ■ 
centime- i 
ters of 
gas. 

10.45 a. Bi. to 12 mt ! 

85 



214 

9. 25 a, m. to 10. 20 a. in ; 

55 

153 

10. 25 a, in. to 11.10 a. m 1 

45 

143 

11.26 a. m. to 12 m | 

35 

i 81 ! 

10.40 a. m. to 11,20 a. 

1 40 

: 34 1 

1 p- pi. to 1.40 p. m , 

40 

^ 78 i 

9. 40 a. m. to 10. 15 a. to 

85 

i 82 

11,25 a. to. to 12 m 

35 

i 80 

9,35 a, m, to 10.10 a. to 

35 

j ' 103 

To'tal ' j 

'405 ' ' 

1,018 

, ' i 


Therefore, in the series carried on here, 100 cubic centimeters of gas 
were evolved in forty minutes, or ,the rate was approximately five times 
that of Chicago. Many more measurements will now be made in tern- 
petaie sJbnee' IlCwiit Mldm we OEmdude absolutely that Actinic 
of sd muofi gttate im the 
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Other ineasurements are as follows : 

CJ indicates a solution containing 0.5 grani oxalic acid and O.I gi'ani nranyl 
acetate in 15 cubic centimeters, i?, 10 cubic cciiiimciers of aider’s solution in 
a 50 cubic centimeter Erlcnmeyer flask, and 11 h‘. decoui position is (‘xpr<‘ss<'d for 
this solution in grams of oxalic acid. 




I)ate. 


I Sol. ! Time. 


(’HICAOO. i ! 

June 3, 1909 | U 1 9.45-10.30 I 

June 4, 1909 i V i 9.00-12.00 | 

Do i U ' 2.00- 4.00 i 


June 5, 1909- 


IT ; S.30-12.30 : 


October 21, 1909 I V 


October 25, 1909 „-i 

Do I 


I Octobcr'20, 1909 { IT 

I October 30, 1909 _.! E 

I November 19, 1909 - ! IT 

: December 5, 1909-- | K 

; December 10, 1909 




IT 


9.05-10,50 
11.10-12,00 
2.00- 3.10 
9.45- 2.30 
10.50-11.30 
10.45-11.05 
10.15-10.30 
»9.50-12.5() 


Dccom- 

poKituui. 

Per cmt. 
1.2 

4.5 

1.5 

10.2 


4S 

n 

14 

20 

“0.0931 
12.4 
M). 007 
72.0 


1 


RemnrkH, 


sun. 

Do. 

Sun modern ti'. 
Very good sun. 


Bright sun. 

Sky soinewliat overcast. 
Suu intermitteut, 

Bright sun. 

Somewhat hazy. 
Moderate suti. 

Bright SI in, 

1 ) 0 . 


a Gram. 


Date. 


Sol. Time, 


December 1, 19X0 ■ U 

January 11, 1910 i D 

January 10, i 0 

' K 

Do -,-.,. 11 

ho.-.. J, , B 

Jantiary' 1910— f ' 0 

January 12,19lb„.,« 

' '' 

’ Do— — 


S-'S'lr'rttBUi 



9.00- 12,00 

9.00- 12.00 
8.B0- 9.80 
$.80- 9.80 

11.80- 1,00 

11.80- l.OO 
ib.lS- 1.80; 

10.15-' I.Sb, 

9.00- 10.0O 

9.00- 10.00 

11.80- 1.00 

11®^ 


Time. 


JIrs. 

3 

3 

1 

1 

1.5 

1.5 

3.25 


De(;om- 

position. 

Decom- 
position 
per hour. 

Remarks. | 

Pn cent. 

Per cfmL 


52. 6 

17. 5 

Sun about half the time. | 

^ 50.0 

16,6 

Bright sun. 1 

6,4 

6,4 

CJIoudy, j 

*0, 0170 

“0.0170 

Do., ^ 1 

81.8 

21.0 

Bright sun. 

0.0 

“■0,0284 

Do. ^ ■ 

52,4 

16.0 

Cloudy about half the i 



time. ■' ; 

*0,0170 

“0,0050 

' Do. _ „ I 

25. 0 , 

'25,0 

Hajay sun.' 

*0*0228 

*0*022$ 

Bo* 

,22.8 ; ; 

15.0 ' 

Bim about half the tl'me* 

, *0. W^ 

*0.0150:' 

Do* , i"';' ■ '' 

$0.1 

20.0 

,B',right'«u.n. ' 

*0.0228 

“'0.0076 

Do. 

. 85.0' 

■' J7;0 

Do. 

^•0*^07 


. ' Do. , u 

L- '■kki.oir 

l; - j 
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OXALIC ACID AND URANIUM SALTS AS A PHOTOMETER. 


Date. ; 

Sol. 

Time. 

Time. 

Decom- 

Deeuiu- 
pO«itin!i ! 

Demark>. 

i 



mv. 

jxi.'iirioFi. 

Per cfnt. 

jier hour. 

Pi )' cnit. 


Febniarv 4, lblO„ _ i 

U 

9.0U- 1 UO 

4 

tu.o 

30.0 

.Sun behinh deaid from 

Do 

r 

9.00- 4.00 


S2. 0 

11.7 

10 to 11. . 

Do. 

Febraarv 5, lOin 

u 

9.00-10 OO 

1 

20. U 

20. 0 

Brip-ht sun. 

February 7. 19]0__ 

r ; 

8.30- 2.30 

0 

44.0 

7. 3 

Cloudy dark day. 

February S, 1910 


9.00- 1-00 

4 

4n. 0 

: 11. 2 

Cloudy flay. 

February 9, 1910 

r 

9.00- 1.00 

4 

00.0 

15.0 

Cloudy aboiU half the 

February 14. 1910 

r . 

10.00- 1.00 


(50.0 

; 22.0 

time. 

Bright sun. 

February 3H. 3910 

r 

10.00- 1.00 

3 

57. 0 

19.0 

Cloudy about om‘-<|uar- 

February 37, 3910 ' 

u 

9.30- 3.30 

4 

: 90.0 

i 22. .5 ' 

ter of the time. 

, Bright sun. 

Felmiary IS, 1910 

c ' 

S.4.V 1.45 

5 

35. 0 

7.0 

Cb aidy. 

February 21, 1910 

F 

9.00- 1.00 

' 4 

43. 0 

. 10.7 , 

Cloudy most of the time. 

February 22. 1910,- 

r i 

9.00- 1.00 

. 4 

: 00.0 

; 10.5 ; 

1 Briglit sun. 

February 23, 1910 

1 r ; 

9.00-12.00 

1 3 

; 89.0 

' 29. 6 

Do. 

February 27, 1910 

! r ^ 

9.00-12.00 

i ^ 

1 75.0 

'' 25. 0 

1 Do. 

February 28;' 1910 

TJ 

9.0(3- 4.00 

i 7 

1 91.0 

! 1S.0 

I Cloudy all day. 

Mareii 1, 1910 

i u ! 

10.40- 2.40 

i 4 

; 85.0 

i 21. 0 

j Sun about half the time. 

Mareh 3, 1910 

! n * 

11.00- 1.00 

i 2 

; 53.0 

, 2(5.5 

' Bright sun. 

March 4, 1910- 

1 II i 

11.00- 1.80 

• 2.5 

I G6.0 

i 26.4 

Do. 

March 12, 1910— 

■ V 

1 1 

13.00- 3.00 

, 2 

1 53.0 

1 26.5 

Do. 


It will be noted that October 26, January 1,, January IT, and Febniory 
22, may be classed as nonactinic days, while October 21, November 19, 
December 12, and March 3 and 4 may be classed as very decidedly actinic. 




REVIEWS. 


Theoretical Principles of the Methods of Analytical Chemisti*y Based Upon 
Chemical Reactions. By M. G. Cliesiieau, Ing^nienr en Chef des Mines: 
Professeur d’analyse mindrale h PecOle nationale des Mines. Authorized 
Translation by Azariah Thomas Lincoln, Ph. D. Pp. vii-f-lSd. Price, $1.75 
net. New York: Macmillan Company, 1910. 

This book is, as its name implies, a general tlisciission of the proce.sses 
of analytical chemistry viewed in the light of the more modern physico- 
chemical theories. The first two chapters treat of the inflneiiee of the 
physical state of precipitates upon their purification by washing, and 
the theoretical principles involved in the processes based npoh irreversible 
reactions. The remainder of the hook is a study of methods based upon 
reversible reactions by double decomposition of salts, the electrolytic and 
the thermodynamic theories of these reactions being compared by the 
author who decidedly favors the latter. 

While hardly to be recommended as a text-book, this series of lectures 
is well worth reading by teachers or investigators of analytical methods, 
as it gives a rather broad insight into the subject as a whole. 

H. S. W. 


Text-Book of Medical and Pharmaceutical Chemistry. By Elias H. Bartley, 
B. S., M. D., Ph. G. Seventh edition. Pp. vi-|-734.* Price, 13.00 net. PMla> 
delphia: P. Blakiston’s Son & Cb,, 1909. 


The seventh edition of this book includes some pages on very elementax}^ 
physics^ togetiber with a sketch of systematic crystallography followed by 
(Jener^i, Inorganic, Organic,, and Physiological Chemistry. We believe 
that the- time haS' passed when it is necessary to teach physics to medical 
students in^ thiS' manner, as all schools, fitted ^ to. graduate reasonably 
trained physicians isbouid require ainpie work in this subject before 
admission to the colleges. It is difficult to see how a student can ade- 
quately comprehend modem chemistry without such a knowledge. The 
same statement appli^ to that portion of the book relating to General 
Otiemistryw ‘ \ i ' i ' \ k! h - ; 

^ T&c ttiMrrieg bf faiite on which they 

'oAf teed scatcdy 1« 
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REVIEWS. 


The author^ in using Berzelius’s classification oi ‘'finelals'’ and "fineiai- 
loids,’^ Berthollet’s ''■'types/^ and other portions of past chcniical literature, 
is introducing a co]Jce]»tion of the scioin'c (bat, whih.' fiin(]a,ineutally 
iisefnl in its day, lias now passed away. 

Some very useful features, such as the ]»hysioIogit'al idlVcds of cnm- 
poLiiids and the study of toxins, are found in (he book, and \Uv proituns 
are studied according to the latest classification. Tlsernl daiu are included 
under the heading of ^‘Poocl and Diet/’ wlnhh, as a rnle, are scanOnred 
ill books on Physiology and Hygiene, The clinical exa.ini.na(Jous in- 
clude Digestive Secretions, Milk and Urine, '^riie analyl.Jcal irudJmds 
are briefly and conscientiously explained. 

In my opinion, the inedical student had better spend a suiricituit amount 
of money to build up for himself a.'library of specdal manuals vioveiirig 
tlie subjects dealt with in this book. 


M". Y. n. 
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Tlie iiumb^r of large and small islands which it contains Is not yet defi- 
nitely known^ but the latest estimate of the Coast and Geodetic Survey 
places it approximately at 3,000. The total area is about 297,1)1'7 square 
kilometers^ the total length of coast line about 18,532 kilometers. Luzon 
is the largest island;, with an area equal to that of lilngland ; Mindanao is 
next in sizG;, with Leyte, Samar, Panay, Negros, Cebu, Palawan, and 
Mindoro composing a secondary group, each of about the area of 11) e 
Island of Crete. There are also a host of lesser islands, some of whicli are 
nearly as large as those just mentioned, with many otlicrs of much, smaller 
dimensions dourn to mere rocks standing out of the sea. 

The Philippines, with Formosa, Japan, Celebes, Borneo, New Guinea, 
and, in fact, the majority of the islands of the Malay group are, in my 
opinion, to be regarded as the rough, shattered ends of tlie Asiatic conti- 
nent. They mark the border of the continental plateau, the liigh points 
of the wrinkled continental shelf, the crumpled e(Jgc of the great land 
Jiorst. This view seems to be supported by the fact of the existence of 
great ‘^^deeps’^ found very close to and east of Japan and tlie Philippines 
during the soundings of the Fla?iet^ 

The main tectonic lines in general run north and south, but minor 
departures from this direction are to be seen in the lines running through 
the Islands of Palawan and Mindoro and those in the Sulu group, the 
Zamboanga Peninsula, and Cebu. The various cordilleras, in my opin- 
ion, represent the crests of a series of anticlines the major axes of which 
lie in a north and south line, but the existence of minor cross folding and 
perhaps faulting causes them to be interrupted. The synclinals, the 
bottoms of which fall below sea level, exist as narrow straits common 
throughout the Archipelago. The strait between Negros and Cebu marks 
such a synclinal, A similar trough, once Occupied by water, exists on 
Luzon between the Zambales Eange in the western part of the island 
and the Eastern Cordillera. This is now a long, wide, flat aiea known as 
the great central plain of Luzon. The lines connecting the vanous active 
and extinct volcanoes correspond very closely to the mam tectonic lines. 

I shah first, in consideiing the vanous physiographic units, take up 
the several types of plains, because in them we find the greatest human 
activity. 

OOASXAI/ TLAIOT. 


'Rie- 'plaits of the Archipelago are, as xs the ease with many 

re^wt ^l^ds^ ch^?aeterisbeiilly lacking in any considerable development 
ol plafn- raiC' country is b^tdrward m cbimnerci4l development 
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fringing tlie coast line thronghont the greater part of its lengthy and we 
have a coastal plain wherever these have been elevated and covered with 
a veneer of Piedmont deposits. The coastal plains are exceedingly 
broken^ thus interrupting the easiest line of coinmimication b}" land. 
The only stretches of any great importance are from Dagiipan north to 
Laoag on the Island of Luzon, the east and west coasts of Mindoro, 
southern Masbate, tlie Zamboanga plain, some narrow strips on the east 
and 'west coasts of Cebu, much wider belts on Negros, the chief sugar- 
producing island, a poidion of the eastern part of Samar, and j)ossibly 
in this connection we should consider the Iloilo plain, although this is 
strictly intermontane. Were there coastal plains of greater extent there 
would undoubtedly he fewer tribes and dialects. 

THE HsTTERHONTANE PLAINS. 

The large, more or less flat and fertile tracts which lie between the 
cordilleras are, with one or two notable exceptions, the sites of the chief 
human activity in these Islands, These plains owe their origin to a 
certain extent to elevation of the troughs between what were once islands, 
and to subsequent upbuilding by delta deposits, alluvial fans, and enip- 
tions of pyroclastic material. The principal plains of this nature axe: 

(1) The central plain of Luzon, from Manila Bay to Lingayen Gulf. 
(2) The Cagayan Yalley (northern Luzon). (3) The central plain of 
Panay, (4) The valley of the Agusan (eastern Mindanao). (5) The 
Cotahato Valley (central Mindanao). (6) The Albay plain (Luzon), 

The Cagayan Valley, where the greater part of the Philippine tobacco 
is grown, perhaps is the most productive, though not necessarily the most 
fertile plain. The central plain of Luzon is cultivated largely for rice. 
However, much of this land is unproductive and irrigation will go far 
toward reclaiming it. The central plain of Panay is one of the seats of 
the sugar industi 7 . The Cotahato Valley is occupied largely by Maguin- 
danao Moros and produces only a modicum of tbe crops of which it is 
capable. The valley of the Agusan is as yet practically uncultivated 
excepting for isolated hemp patches. All of these plains were formed 
in much the same manner, and therefore the central plain of Luzon may 
be taken as typical. 

In the beginning there was a structural basin, a deep, wide, and long 
synclinal which was occupied by the sea, giving two islands where now 
there is one> a large one on the east and a smaller on the west, where the 
Zambaks ! Mountains now rise. Material washing down the mountain 
slopes gradually began to till up this trough, first in the form of alluvial 
fans and oones and th#n by moans of a broad delta and fliood plain which 
slowly progressed Southward. In all probability there Vas: some ; coral 
close to shore, forming a substructure for the plain> but this presumably 
did not extend very far but into ; , I 
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The southern portion of the central plain of Luzon is liioditled by tuff 
deposits which in places are found in fairly thick bods. Tlie log of a well 
put down near Manila, wdiich is situated at the lowto* end of this plain, 
shows the character of this material very well. 

hog of iDcll at Pasay, Riml Province, 

0 feet to 18 feet. Soil, sand and sea shells. 

18 feet to 36 feet. Gray silt, pebbles, sbclls, 

36 feet to 50 feet. Gray silt, with shells. 

50 feet to 63 feet. Yellow silt, pebbles, small calcareous concretions. 

63 feet to S3 feet. Yellowish-gray silt, small calcareous pebbles, shells. 

83 feet to 87 feet. Fine to coarse basaltic pebbles and tiUY. 

87 feet to 113 feet. Yellow-gray sand, some clay, fragments of soft tuU 
113 feet to 135 feet. Yellow-gray tuff. 

135 feet to 160 feet. Yellow-gray tuff, clayey. 

160 feet to 180 feet. Yellow sand and tuff, small basaltic pebbles, 

180 feet to 199 feet. Light yellow, gray tuff. 

199 feet to 228 feet. Light gray tuff, 

228 feet to 248 feet. Tuff with fine basaltic pebbles. 

248 feet to 276 feet. Light yellowish gi*ay tuff. 

276 feet to 290 feet. Yellow tuff, small basaltic pebblc.s. 

290 feet to 318 feet. Tuff and small basaltic pebbles. 

318 feet to 332 feet. Tuff and pebbles from basaltic rock. 

332 feet to 350 feet. Yellowish-gray tuff. 

350 feet to 370 feet, Basaltic pebbles and sand with tuff. 

370 feet to 393 feet. Tuff, small basaltic pebbles. 

393 feet to 422 feet. Tuff. 

422 feet to 432 feet. Tuff, fine grained. 

432 feet to 463 feet. Tuff, fine grained. 

463 feet to 483 feet. Fine, dark sand, some clear grains, fragments of tuff, basal- 
tic pebbles. 

483 feet to 506 feet. Slightly clayey tuff, basaltic pebbles. 

506 feet to 530 feet. Fine-grained tuff,, light ■ gray . 

530 feet to 646 feet Fine-grained tuff, light gray. 

546 feet to 570 feet. Dark sand, some clear grains. 

570 feet to 594 feet. Tuff, with small basaltic pebbles. 

594 feet to 620 feet Clay and basaltic pebbles. 

.6^'; Mmi to 834 feet. Yello'w^ clay with small, basaltic pebbles. 

634 feet to 660 .feet. Dark sand, fairly fine, 

660 feet to 690 feet. Dark sand with few basaltic pebbles, 

690 feet to 713 .feet Fine gray tuff, 

713 feet to 743 feet. Basaltic pebbles and fragments of tuff. 
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THE INTERMEDIATE UPLANDS. 

Under this heading I shall consider all the upland terrifcorT between 
the foothills and an ‘elevation of 1.500 meters. This includes the rolling 
grass-covered hills of Cebu^ MasbatCj etc, ; the smaller forest-clad ranges 
of Luzon^ the fertile slopes of such volcanoes as Mayom Canlaon, and 
ApOj and such semiplateaiis as Baguio in Luzon^ and the Lanao district 
in Mindanao. 

Only the most primitive people at present live in the uplands^ but when 
the mineral and forest resources of the Islands are developed it will be 
found that this zone possibly will furnish the larger portion of the wealth 
of the Islands. The upland zone probabl}- includes 75 per cent of the 
whole area of the Philippines. 

The principal rocks of the upland zone are the Tertiary sedimentaries^ 
with some recent volcanics which flank the igneous cones of the cordil- 
leras. They are found inclined at all angles. However^ the sedimenta- 
ries are not encountered everywhere. Some of the upland country, like 
that for instance of a part of northern Masbate, is denuded of sediments 
and characterized by old, worn-down volcanic stocks, while the uplands 
of western Mindanao are covered by a sheet of basalt. Ail the lode 
mining operations practically are carried on in the upland country. 

Upland limestone country is, contrary to the general opinion, not so 
fertile as that underlain by igneous rock, because the limestone is more 
readily soluble and the rich ingredients are rapidly leached out. Cebu 
Island, which is largely composed of limestone, has a poor soil in the 
upland tracts, but has quite rich patches in the valley areas. On the 
other hand, the Lanao upland has an unusually rich soil formed largely 
from the decomposition of basalt. * 

Slope also has a great deal to do with the formation of soil. I know 
of several hill districts in the Philippines where the slopes are so steep 
and tixe rainfall so excessive that soil can not accumulate. The Manca- 
yamSuyoc district, for instance, is for this reason a country adapted 
neither for cattle nor for agriculture. 

THB OORDILIiERAS. 

It is difficult to make a genetic distinction between the intermediate 
uplands and the cordilleras. It is quite clear that a true cordillera may 
not in its highest parts reach the upper limits I have already placed for 
the intermediate uplands. For instance, the highest point in the Island 
of Cebu is not much over 1,000 meters above the sea, but the central 
rautg^ in this island, ' wliich' varies from 600 to; 1,000' mete:rs in altitude, is 
as. wild and uninliabitated as ihe oenti^al range in liU^pn, attains 

to a height of over %000 meters, and, technically, it is just as much a 
cordiller^vul^t,!:U;v;ybv^ fj'- , i' 'y, ^ k; U!' ■ ;y,'' ; y; ^ ;'.V' ^ 



312 


SMITH- 


The principal cordilleras arc tlie Sierra Madrc Eang'e (norlheasfc fjii- 
zoii), the great Cordillera Central (from Eeiiguct northward to the 
Paeihc Ocean), the Zaiiibales Eange (western Lu/.on), the c.eniral. ranges 
of the various Ah’sayan Islands (Ihxiniy, Negros, (Jehu, Jjeyie, Sania.r, 
Masbate), most of which have only one largo central lino with iw(^ or 
more secondary ones which are lower and there fore come into (ho category 
of the intermediate xipland. There are in Panay an eastern and w(.'sfern 
cordillera both fairlj'’ well developed. The Island of X^*ilawan lieiongs to 
the Mindoro-Busiianga-Palawan system and is practically cordillera and 
little else. 

A cordillera of only moderate height extends along the Zarnlioariga 
Peninsula, in Mindanao; a group of fairly high peaks is located In a 
cluster about Lake Lanao; a very irregular group of high poiids is 
found in southern Mindanao, and a well-defined north and, south range 
lies east of the Agusan River; but the continuous and high cordillera 
usually shown on Spanish maps, in line witli Mounts Apo and Matnfcan, 
does not exist. This country for the greater part is quite low, and iimtoad 
of having a well-defined line of mountains it only possesses a few high 
points at wide intervals. The highest altitude on the trail which crosses 
this range is 595 meters. 

As a rule the cordillera in the Philippines is very forbidding country, 
being the home of the most primitive people such as Negritos, Igorots, 
Kalingas, Ifugaos, etc., in Luzon, Manobos in Mindanao, and also the 
haunts of brigands (ladrones as they are called here). (See Plate II 
for the situation of the principal cordilleras.) 

V0L0A.H03SS. 


I have made no special studies of the volcanoes of tlie PluHppines. 
Mr. H. Q- Ferguson, of the division of mines, Bureau of Science, has 
been colieetiUg data for the past three years and intends to publish a 
paper' on this subject ' Therefore, I have quoted the following from his 
'introductory remarks; ' ' 


yThe nmity Tolcano^ the long chain' of islands festooning' the continent of 
Asia, from Bnnna to Alaska, for the gresater part fall into definite mm% most 
clearly so in the islands of the Dutch East Indies. In the Philippines there are 
also several welhdefined belts of volcanoes. Becker* has shown that for the 
sonthem ^lapds o-f the .^chipelago there 'are .twd.win eUmd systems intersect- 
at 'an ,aagje of fiO* nne of thsf 0 lines m containing 

'the Midsfip of toicMIw ' i^e Ongs.yanes Xslnnds, 









the same system, 

■; 'i 
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laoii, the two volcanoes of Negros. The positions of tlie voleanoes of ^dindaiiao 
relative to the two luain fissures are not clear, but it is probable that the line 
of volcanoes extending in northern Celebes through the Sanguir Islands and 
Siira.ngani to IMouiit Apo_, and perhaps crossing Mindanao to Camiguin de Mi- 
sjiiTiis, are situated on a parallel outer hssure of this series. Another curve 

parallel to this extends from the eastern side of the Gulf of Davao, through the 

Surigao Peninsula, Leyte, and Mashate, and includes tlie extinct volcano ox 
Diiiata in eastern Alindanao and extinct volcanoes in Leyte and Biliraii. A 
third outer line, parallel to the last two, is formed by Samar and the Chniarines 
peninsula of Luzon. Associated with this are the splendid group of volcanoes in 
Sorsogon, Albay, and Camariiies Provinces — Bulusan, Bacong, IMayon, Iriga, and 
Isarog. 

A group of volcanoes is found south of Manila in Laguna and Batangas Prov- 
inces; one of these, Taal, is still active. These do not seem to fit into either 

of the two prevailing systems of the Visayan Islands and southern Luzon, and 
require different schemes for classification. Perry ® classifies the volcanoes of 
Luzon into three northwesterly lines. The first includes the volcanic stock of 
Mari voles and Taal Volcano; the second, Arayat and Banajao; and the third, the 
Mayon group. Centeno* makes one system to include Arayat, Taal, central 
Mindoro, Canlaon, and Malindang. Koto ® omits Arajmt and the Taal group from 
his volcanic belt. Becker ° seems to include the volcanoes of the Taal region with 
the northwesterly series of fissures and makes no attempt to explain the position 
of Arayat. There are no know volcanoes north of Arayat until the extreme 
northwestern part of Luzon is reached. Northward from Kawa a volcanic chain 
extends due north as far as the Bashi Channel, which separates the Butanes 
Islands from Formosa, 


Thteo quite distinct types of volcanoes occur in the Archipelago. 
These are : First, the nearly perfect cone ; second, the worn-down stock, 
with no regular form; third, the collapsed cone. Mount Mayon is the 
typo of the first' group. This is a beautifully symmetrical cone 2,422 
meters in height, the curve of its slope coinciding, according to Becker/ 


er 


-xlc Q~~xlc 


when c=<8.G nmi. The 


with tlie liypci’holic sin curve 

'last active eruption of this volcano occurred in 1900. It is an ash cone. 
No lava flows are to be seen anywhere near its base, but recent climbers 
have reported the presence of lava flows near the summit. 

Other volcanoes in this group are Mount Arayat and Bud Dajo, the 
former in Luzon and the latter on the Island of Sulu. 

Mount Mariveles is the type of the second group, and by far the 
greatest number of volcanoes in the Philippines conform to it. 

Taal is the type and the greatest example of the third group. 


» Extrait des Annales de la Soci6t6 d’emulation des Vosges (1860), 10, Sd 

pi, 35. , 

I * geoL-min, de las Islas Filipinas, Madrid, Tello (187^), 8. 

V » noil Bmt ( 1899 ) ,11 , pi % 112. 

'il/Od*' 546.1' ,,, , ' ; ' L , ,,, , . 'i, ■ 

/'■'tA.' Future pf.'llayon; yoleapp,,; ' (1905), 7,^, , 
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OEICHN AND AGE OE THE SEVERAL TYPES. 

Mount JMajon is an ash eone. Any violent eiTiplioii now would 
probably destroy its perfect outline. Its present slopes bear a rleiiniie 
relation to the angle of repose of tlic materials which compose it. 
Yolcanoes of this type are considered to be of very recent age,, erosii)n as 
yet having had but little effect on tliejn. Mayoii may be just in ils 
prime. 

Mount Mariveles is a type of a voleano which has ])assed inio old age. 
Activity has long since ceased and erosion has made ginat inroads on it. 
Its great crater has been broken througli entirely on one side and a 
great canon leads out from it toward the sea. This mouniaiii probably 
is a Pleistocene voleano. Both andesite and basalt^ ehielly tlui foj'iner, 
and but little ash are found on it. 

Taal Yolcano consists of one moderate sized (irater,, 2/100 meters 
across and 270 meters deep, on a low island in the center of Lake Bombon, 
28 kilometers wide, situated 62 kilometers from Manila. Several smaller 
craters and pools of hot water occur within this large crater. There is 
only one active vent near the center, where a small eoluinn of steam and 
gases issues. 

Beeker^s idea of the origin of Taal was that the mountain slopes once 
continued upward along a hyperbolic curve, as in Mayon, to an elevation 
perhaps of over 4,000 meters and that a great explQsion and subsoqiient 
sinking of what was left caused the present condition. 

However, Adams’® tiieory does not consider an explosion at all, nor 
does it presuppose as high a cone as must have existed if we grant 
BeckePs view to be correct. He accounts for the formation of Lake 
Bombon by peripheral faulting with subsidence of the central area. 

There are several minor crater lakes in the Philippines, but that of 
Taal is the largest and best known. Taal was last in extended eniption 
in 1904. 

STEATIGEAPHY. 


Tabie'l givm' a tentative scheme of the stratigraphy of The Islands and 
shows thakwe.have* no ‘ sedimentary .formations known with certainty to 
be older than the Eocene; indeed, it is not positively established that 
there ai^e any sediments older than the Ol^oeeno, NmnmuUtes were 
reported by>Ab^a^ and Richthofen A? In their type localities abundant 
^^<#Mto5idal been but no nhminulites, In the lower 

f duhd 'one idrm which he determined 
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as iiifutLuliies niasi Verbeek, an Oligoeene species in Java. In Ilocos 
Morie and one or two other parts of the Philippines I have found some 
red cherts^ or jaspers^ which, when examined under the microscope, show 
sponge spicules and fragments of radiolarian tests. These may be equiv- 
alent to the radiolarian cherts described b}^ K. Martin from the Mo- 
luccas.^ ^ 

It is not probable that the igneous complex of diorite, gabbro, etc., is 
very ,old. At the present time the place in the scale occupied by the 
crystalline schists is entirely a matter of conjecture, for we have only 
lithologic criteria to depend upon. Yon Drasclie argued in favor of 
classifying the Agno beds as Paleozoic, but to me the evidence seems to 
be entirely inadequate. There was a time "when the greater part if not 
all of the crystalline schists and gneisses were' put down as Archean, but 
there is no reason why we can not have metaniorphic rocks in the Ter- 
tiary; in fact, such are known. I believe age to be merely incidental, 
the chief factor being dynamism. 

The generalized sections shown in figures 1, 2, 3, and 4, and represent- 
ing northern and central Luzon, Cebu, and Mindanao, respectively, 
graphically illustrate the succession in different parts of the archipelago. 

By far the most predominant rocks are the neovolcanics, andesites, and 
basalts; next come the Tertiary sediments, for the most part Miocene; 
thirds the plutonic rocks; fouiih, the metaniorphics ; and last, the intru- 
sives, such as diabase, quartz-diorites, granites, and dacites. Some 
foraminifera and field notes recently were submitted by me to Professor 
Doiiville, of Paris, who has studied them and prepared the following 
table : 

Table 2. — The divisiotis of the Philippine Tertiary {after E. DouvilU ) . 
Philippines. 

^il’pper limestone with Lep. c. L Verbeeki mio- 
\ mall Lepidocyelines. gypsina. 

{ Cyeloclypeus communis, 

Orbitolites alveoHnella, 

Miogy]f«sma. 

(Middle limestone with Lep. ipsulaenatalis, for- 
|l ?af lepidocycHnes. mosa, ricbthofeni, 

{ Lower limestone with Nummnlities niasi Verb., 
nnw-inulites, Coal Ampbtetegina c. f. niasi, 

^ Measures. Lepidoeyclina. 

wMsextiudea Molukken, etd; ' Geologischer Tkeil. Leiden (1002), IW. ^ , 
'^^Ifieuea Jahrhueh, f. Min. etc. (1879), 265-269. 

«ew Tertiftit-e des Philippines, Ompi. rend. Seo. geot de Wranoe (190p), 

■ 14, ISO. ,h '' ■■ ■' ■' 









Fie. 4.^ — Section Across a Pabt of Mindanao. 
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PETROGBAPltY. 


The rocks of the Philippine Islands consist of the general groups wliicli 
are common elsewhere. 

These are as follows : 

1. The igneous rocks ol! the Tceetit volcaiioos and the worn-down sLoc.ks 
of the older onos^ including both extrusives and intnisives. Under the 
intriisives w’’e not only have massive lavas but aiirial hroctrias, or rather 
volcanic agglomerates and tntfs. 

2. The deep-seated igneons rocks^ those which Inivo l)e(*n ex[)osed only 
through long continued erosion. There is every gradation Ixiiwceii Uieso 
and the extrusives^ and in some cases there may be little or no dill'orenee 
in age. These older crystalline massives formerly were tliought to l)o 
very old^ perhaps Archean^ bnt thei’C is no good reason for believing 
the majorit}^ of them to he of greater age than the earliest Tkn'tiary. 

3. The sedimentary rocks which have been derived by the degradation 
and disintegration of the above-mentioned classes, namely, coral reoCs, 

■ chemical precipitations, etc. 

4. The metamorphie rocks such as gneiss, schist, serpentine, etc. 

5. The mineral veins. 

Under the first head we have the following principal types given in 
the order of their predominance : 

(1) Andesites. 

Hornblende andesite. 

Pyroxene andesite. 

Hornblende-pyroxene andesite. 

Olivine-bearing pyroxene andesite. 

Homhlende-biotite andesite. 


(2) Basalts. 

(B) Dacites, 

(4) Leneitites. 

'The andesites are by' far the most common of all of these rocks, and 
the pyroxene-bearing variety is dominant, Kext to' it comes hornblende- 
mdesite. Tli;e andesites' fom the older 'parts of the volcanoes, while 
'the, bpali^:, generally constitute the later flows. ' , 

A number of petrographers, chief of whom are Oebbeke and Iddi ngs, 
have described various collections of Philippine rocks, and the latter 
has recently 'forked over the entire collation of the division of mines, 
Bureau of Thp-rA'fn.rP T aTKoll 


Burw', of 
However, as 


Therefore I shall include some of his descriptions, 
use of soyeral new terms with which only 
to, liberty of chmiging to 


which are taken from 
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1 yroxeriG andesites . — These rockS; as a rule, are dark colored, usually 
dense but often porous, porph}T:itic, commonh^ with Binall plienoerysts. 
1 henocrysts and grouiidmass occur generally in equal proportions. A 
typical specimen collected at Sisinian, Bataan Province, on the north 
side of the entrance to Manila Bay, is described by Iddings as follows: 

A dark-colored sempatic, mediopliyrie rock; that is, one having' many small 
plienoerysts, about as much in bulk as the groundmass containing them. The 
phenoerysts are mostly labradorite, approximately Ab^Aii;., with pronounced zonal 
structure, the narrow outermost zone being distinctly alkalie. The shapes are 
those of rectangular prismoid to equant crystals. In size they are seriate (that 
is, of different sizes), from those of several millimeters to less than 1 millimeter. 
* * * There are fewer phenoerysts of hypersthene and angite, the former 

faintly pleochroic in thin section. Augite occasionally surrounds hypersthene. 
The pyroxene phenocrj'sts are euliedral (well-faced), with the first and second pina- 
coids strongly developed. They are generally smaller in size than the largest 
feldspar. There is considerable magnetite in small crystals. Those inclosed in 
pyroxene are smaller than others, not so inclosed. Some are inclosed in the 
margin of the feldspar. The groundmass consists of microlites crowded together: 
rectangular equant (equi-dimensional), also prismoid plagioclase feldspar, pris- 
moid pyroxene, and equant magnetite; probably with a centimeter matrix of 
colorless glass. 

Hyperstliene is very common in many of the Pbilippine andesites. 

Eornhlen de-andesite . — -This rock is found in all parts of the Islands, 
forming the* summit of Mount Apo and several peaks in the Zambales 
Eange of Luzon. Its habit varies from a rock having large phenoerysts 
of feldspar, 10 millimeters or more in diameter, and smaller ones of 
hornblende, to that in which the relations are just the reverse. They 
are the ^Trachytes’^ of the older writers. The disintegration of these 
rocks with the large, glassy plagioclases is the origin of the Orani and 
Tariac sands, the two best sands for constructional purposes available 
for use in Manila. The layman usually mistakes this plagioclase feldspar 
for quartz, whereas the sands contain little or no quartz. Professor 
Iddings has described the hornblende andesite used in the Manila break- 
water and which came from Sisiman Point, as follows: 

It is sempatic, seriate, and mediophyric. The most abundant phenoerysts are 
labradorite, AbaAn^, euhedral (well-faced) and subhedral {with less perfect faces). 
They possess a narrow outer zone of distinctly more alkalie feldspar, which, 
however, has noticeably higher refraction than the anhedral (without crystal 
faces ) feldspar of the surrounding groundmass. The hornblende is greenish- 
brown j but is mostly paramorphosed into aggregates of magnetite and pyroxene. 
Ther A are few phenoC3^ste of pyroxene and relatively large ones of magnetite. 
The groundma^ ie hOlocrystalline (complete crystal outlines), composed of con- 
sertal (inteigrown^anbech^hs Of feld^^ in part probably orthoelase, with some 
quartz. rThoAockT's: somewhat altered. in parts,; and <^ntains ealcite and;(!) 
chalcedony. . ■ ; ' .. ' ^ . y' , ^ ^ 

’ This is the variety iu w|iich the hornblendes are very large and the 
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feldspars not so prominent. In the rocks from Mounts Apo and Pinaiiibo 
tlie reverse is the case. 

Basalts . — Of this great class ol: rocks Idclings says: 


There are transitions hetween oliviiie-beariiig pyroxene andesiies and basalts 
rich in olivine, so there are basalts with the texture found in andesite, and others 
with textures not developed in andesites. ISTo line can he drawn between these 
two groups of rooks and petrographers dilTer as to the classiricalion of rocks 
intei-mediate hetween basalts and andesites. It happens that the hivas of Mayon 
and Taal Volcanoes belong in part to these intermedia^* vari(dtes, whicli may be 
called olivine-bearing pyroxene-andesites or andesitic basalts, while other varie{,ios 
of lava from these volcanoes are normal basalts, with abundant olivine. 

Basalts with andesitic habit occur in the Batanes. In two cases the rocks 
have the composition of hypersthene-augite-andeaite with small pluinocrysis of 
colorless olivine partly altered to iddingsite, the groundmass being holoerystalline, 
with anhedral feldspars. These probably arc best called oUvine-boarii^g pyrox(me- 
andesites. 

Varieties with andesitic habit and much olivine occur at Mount Marivehss in 
Bataan and in Mindanao, In both of these rocks the olivine is present as small 
colorless crystals in part altered to red iddingsite. 

Basalt from the floor of the crater of Taal Volcano is dopatic (groundiiiass 
dominant), mediophyric (moderately porphyritic), with phenocrysts of subhedral, 
green augite, having inclusions in zones in some crystals, subhedral, equant to 
tabular labradorite, Ab^Ana — ^Ab, An^, zonally developed j and fewer colorless to 
yellow olivines, altered on the surface of the crystals. The augite and labradorite 
are anhedral toward each other when in clusters. The olivine in some instances 
is partly inclosed in augite, with anhedral forms. The groundmass consists of 
euhedral prismoid plagioclase, with central euhedral prismoid inclusion that has 
much lower refraction and is isotropic, apparently glass. The plagioclase pris- 
moids have diverse arrangement. There is also much equant anhedral augite, 
less magnetite, and probably intersertal glass, but the mici*olites are crowded 
close together, and the rock may be holoerystalline. 


Basalt from Mayon Volcano, Albay, is dopatic and mediopliyric, and highly ve- 
sicular or porous. The euhedral, rectangular, prismoid phenocrysts of Jaliradorite 
contain naany inclusions of brown glass; the phenocrysts of green augite are 
subhedral; those of colorless olivine are subhedral to euhedral, The groundmass 
is dark brown, globolitic glass with miorolites of their needle-like prisraoidw of 
plagioclase, ahd anhedf ons of augite and magnetite. 

BasRalts / f rom Mindanao*' differ somewhat from those already described from 


Jn , Being ' rieher^ in ferromagnesian ■ minerals and in having plagioclase 
slightly less calcic. 

Basalt from the Banao District, Mindanao, is dopatic mediophyric, and seriate, 
with many phenocrysts of olivine, but slightly altered and with inclusions of 
vmagUetttAi 'iBe'gtbBndInass' of much''anW(!ral augite, some anhedral 
■ olivine, less magnetiie, and prismoid plagioclase about equal to the ferromagnesian 
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when examined in thin section. In some cases^ though rarely, the original 
leucite can be seen. ^ 

I have seen very similar fpi^earing rocks in northern Luzon, but in none 
of them could I be positive that the small isotropic whitish areas were 
leucites. The lliiding of this class of rocks in the Philippines is note- 
worthy, as potash-])earing rocks apparently are of rare occurrence. 

Dacites . — The dacites may be thought of simply as andesites wnth 
quartz. They are not common, as acidic rocks generally are not common 
in the Philippines. I have seen only two good specimens, one from 
Benguet and one from Corregidor Island at the entrance to Manila Bay. 
For field and petrographic descriptions of this rock the reade]* is referred 
to Becker and Iddings,^'" respectively. 

The rocks of the second group are in the order of their abundance : 
(1) Diorite, (2) quartz diorite, (3) metadiorites, (-1) pyroxenite, (5) 
gabbro, (6) peridotite, (?) granite, (8) s\^eiiite. 

1. Dioriies , — The parent magma of the Philippines was such that 
when it reached the surface and cooled quickly it produced an andesite 
or dacite ; if it did not reach the surface, but cooled slowly at some depth, 
a holocryst allin e I'ock was formed of the same chemical composition, hut 
differing in fabric, and diorite was the result. Of course, there were 
variations in the magma so that rocks of just the diorite or andesite 
composition did not always result. However, it was the rule rather 
than the exception. Therefore, we -would expect to find the diorites in 
the cordilleras where tlie streams have cut deeper into the core of the 
islands. 

The chief characteristics of the diorites are the considerable amount 
of hornblende, and the fact that the feldspar is a plagioclase. When 
they contain quartz, they approach certain varieties of granite; they 
also are closely related to hornblende gabbros. 

The true diorites may sometimes be confused with the metadiorites 
wliicli are abundant, but in which the hornblende is secondary and not 
primary. 

* Typical diorites Jiave been found in Benguet, Tayabas, Cebii, Ambos 
Camarines, and many other localities. 

2. Qmrfz diorUes have been found in Benguet, Tayabas, and Ambos 
Camarines. . Of the Benguet, rock (Antaniok) Iddings says; 

It ia median grained quartz-diorite (grown together) fabric. It consists of 
plagio'clase and considerable ' bro^iah-green’ hornblende, anhedral (without good 
, fades) with, respect to. each, other* but,. enhed,ral (with good’ faces), tow»d .qnarfe^ 
and orthoclase. There is some altered biotite. In places the orthoclase is in- 
tersertal (intergrown) to poikalitic with indnsiona of plagioclase and hornblende. 

Geology of the Philippine Islands.. 21&t Ann. ^ Rep. U. S. OeoL Burv. (1900), 

,pt;% m. , ‘ W . ^ ' 
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Other quartz diorites have been encountered in Batangas (Loboo 
Mountains)^ in Masbate^ in Lepanto and elsewhere. 

MetamorpMc rocks . — ^These are found in isolated patches in nuiny 
portions of the Archipelago, and are naturally to bo secai in or thinking 
the mountainous areas. Some are derived from, igneous rocks and some 
from the sedimentaries. Their age is uncertain, many undoubtedly {ire 
Teidiary. That any of them are Archean is extremely doubtful There 
is absolutely no reason now for supposing any of those at present 
Imown or as yet to be discovered to be as old as the Areliean. 

We have serpentines, amphibolites, and magnetite schists in llocos 
hlorte. In Eomblon, marble and mica schists are found. The marble 
is metamorphosed limestone, and in all probability the mica schists were 
derived from Tertiary sandstones and shales. Some schistvS of unknown 
origin occur in Cebu on the flanks of the cordillera. In the lower 
Zamboanga Peninsula there is a considerable exposure of quartz-sericito 
schists which may represent metamorphosed sediments, althougli I am 
not certain of this. In Ambos Camarines we have gneissic granite, 
schistose diorite, slaty shales, and hi^ecciated sandstones. In my opinion, 
we can argue nothing in regard to age from the presence of schists. 
Metamorphies are prodiicts of dynamism and may be of any age. 

Owing to* lack of space and to the fact that I have deserihed several of 
the Philippine schistose rocks elsewhere, I shall not go into grciater 
detail at this time. 

3. Metadiorites . — The metadiorites include a number of rocks in which 


the hornblendes are not primary, but secondary. They are derived from 
holocrystalline rocks containing pyroxene. 

4. Pyroxmiie. — Bare, brownish and rocky hills having scattered white 
patches of efflorescence occur in many parts of the Islands. Such hills 
usually are composed of pyroxenite, passing in places to> peridotite, and 
where altered it is a serpentine. The efflorescence is magnesite (magne- 
sium carbonate) derived from the decomposition of the ferromagneaian 
minerals in ’the rock. , This' rock is' almost black, inclined to greenish 
whei*e passing into serpentine, and is very hard and d^nse. I have noted 


great areas of this formation in Ambos Camarines, Batan Island, Albay, 
and llocos hTorte. There is usually an accumulation of iron ore associated 
with this formation. - : 

' 5. These rocks may be thought of as having cooled too 

yielowly '4o-*^'' in fhe sanae relation to basalts as 
‘Ak diorite to relatiouAip of the coarser rocks 
; d the trst tbihgs to under- 
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the norms of a basalt and a gabbro are not essentially di:fferent and the 
same is true of andesites and diorites. The older classifications did not 
show this. 

As would be expected from the prevalence of basalts in the Archipelago^ 
gabbros are quite common. An olivine-gabbro from river gravel at Mon- 
talban, Luzon, contains labradorite. Ah, Aug, pale green augite, colorless 
olivine and very small amounts of secondary hornblende, biotite and 
magnetite. There also are some secondary minerals locally developed 
such as chlorite, serpentine, etc. 

A very hue-grained norite is found on Palawan. 

Qabbros with an ophitic texture, that is, with the component minerals 
forming a lattice-like structure, often called diabase or dolerite, are 
numerous. To avoid a multiplicity of names which only confuse and 
lead us away from the true conception of the relationships of these rocks, 
I shall henceforth drop these two terms and keep the name gabbro. 

6. Peridotite , — ^Wlien a gabbro contains much olivine it is customary 
to call it a peridotite.^® While this rock is not common in the Islands 
there are several occurrences of it. , Ambos Camarines is one of the 
localities where it is found. 

7. Granite is a rather rare rock in the Philippines, So far as I Imow, 
the best development of granite in the Islands is in the Paraeale-Mam- 
bulao mining district, Ambos Camarines. It has been so squeezed 
during the regional metamorphism of the district that it now has a 
gneissoid texture. 

Iddings, who visited the district with me, says the granite of Mam- 
bulao has been sheared to a thinly laminated gneiss with "Augen^' 
structure on a small scale. The orthoelase and albite lie as anhedrai 
blocks in a matrix of smaller equant anbedrous (shapeless) quartz and 
orthoelase with shreds of muscovite (and chlorite, it should be added) 
having pronounced fluxion structure. 

8. SyenUe ,' — A sodic syenite has been found in Masbate. I have 
seen nothing else which in character even approaches this rock. 

In concluding his paper Iddings says : 


The extremes of this mineral variation, or diflferentiation in this region, appear 
to he alhitic granite and albitic syenite an the one hand, and peridotite and 
possibly pyroxenite on the other. 

There are not sufficient data at hand to determine the relative abundance of 
the Alff^frent nifagmas and so indicate the composition of the average or 
magma. It appears that the coarse-grained, intrusive rocks have attained a 
higher degra^ diferentiation than the extrusive lavas, hut this may not he 
actual fact, and further study of the region may modify this conclusion. 

Sedimentary rocTes. — ^This group includes the usual general classes to 

be icwind’in any part of the world. The following Ii$t shows ttib oidSr of 
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their abtiiidance: (1) Limestones; (2) shales and days; (S) sandsioin^s 
and conglomerates ; (4) taf! ( water laid and subaerial) ; (5) cherts. 

Besides these there aa*e numerous subaerial deposits., piedmont depos- 
itS;, etc. 

1. Limesiones , — These are for the most part corallin(3 or .rorjiminirmnl. 
They are quite pure chemically, the magnesia conh^nt b(3ing g('n(.;rally 
less than 2 per cent. They vary in color from cr(^;vm-whii,t3 through 
huf to black. They have an extensive clcvelopm(3nt, and, vary in age 
from Oligocene to recent. 

According to the foraminifera they contain, Douvilhl has rccognizcul 
three principal liorizuns, as has heeii sliown ])y tab'h.; ,2. 

2. Shales a.nd days , — The former predominate in the coal measures, 
varying in composition from clay to sandstone and usually arc gray, hut 
in places may be buff and yellow. They make up many hundred llnd 
of thickness of strata in the Philippines. TJieir gr(.3al;est; development is 
in the Visayan Islands, where the most extensive ('oal fields also occur. 

The clays vary in composition from very impure varieties high in iroti 
content to those which are practically pure kaolin. However, tlie latter 
are very limited, in fact only small quantities have been found and these 
in La Laguna Province. They are the result of the decomposition of the 
feldspathic volcanic rocks of that region. 

The clays of the coal measures usually contain too imieli, free silica 
and not enough combined silica to be suitable for fire clay or cement 
manufacture. 

3. Sandstoms and conglomerates , — In the coal measures there are 
several small seams which I call grit. Sometimes the quartz fragnumts 
in this grit are over 2 centimeters in diameter. In addition, there is at 
least one thick stratum of a very impure, grayish sandstone overlying 
the uppermost coal seams in some parts of the Islands, for instance in 
Cebh. , ;TM8 formation more properly is called an arkose than a sand- 
stone, 'hecanse it nontaine, more feldspathic, hornblendie, etc., material 

; ^ The conglomerate are of, two' classes — ^faaaalj and those d,ue to, consol- 
idation of gravel wash. 


The greatest development of conglomerate in the Islands known to mo 
is that bordering the igneous complex of north-central Luzon, as is seen 
in sections along the Bued and Agno Eivers. Other great deposits of 
conglomerate itee ‘encountered farther riOrth at an. elevation of nearly 
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is soft, but it gradiiallj’ hardens on exposure. It is buff colored to gray. 
It was extensively used in the Spanish regime for building purposes. 
Fragments ot pumice, black hornblendes, fragments of feldspar, etc., 
gave the rock a iieterogeneous composition. The maximum thick- 
ness (.)f the deposit is probably more than 100 meters. The best exposures 
are to be seen in several quarries along the banks of the Pasig Fiver. 

5. Cherts , — In Ilocos ISTorte I foimd a few outcrops of a hard, red, 
fissile eliort, which on examination proved to have fragments of the tests 
of Radiolaria. These are very similar to some cherts of the Moluccas 
described by Iv. Martin and assigned to the Jurassicd'^ 

As regards distribution,, the general statement may be made that the 
oldest rocks probably are those found in the deep canons of the cordil- 
leras of Luzon. In many other parts of the Islands where we might 
hope to find tliem we encounter ever}d:hing covered by a sheet of volcanic 
rocks, as is the case with much of the western part of Mindanao, or else 
by a mantle of coral limestone, as in Cebii. Flanking these older rocks, 
and dipping away from them both to the east and west, are the Tertiary 
sediinents, limestone, sandstone, shale, and the intercalated coal seams; 
above tliese are andesitic and basaltic flows, while the youngest consol- 
idated formation of all is the tuff of the vicinity of Manila. It is not 
easy, in oar present state of knowledge, to delimit all of these formations ; 
indeed, many which appear to be of different age are in reality contem- 
poraneous. Another noteworthy fact is particularly well exemplified in 
Cebii, namely, that there is no apparent break in the limestone from 
the coral reef on the shore to the capping of the cordillera in the center 
of the island, at a height of 1,000 meters. 1 have walked over a limestone 
formation on that island, which is continuous from the living coral reefs 
to the Pliocene, and probably the Miocene, with apparently no un- 
conformity. This island must have suffered a long period of erosion 
after "the Miocene. It probably sank below sea level and subsequently 
rpee so gradually that the whole island was covered with a mantle of 
coral limestone. This mantle has since largely been removed by erosion. 

OEOLOGIO HISTOEY. 


In taking up this part of my discussion, I feel that the dominant 
episodes in the geologic history are best given in BeckeFs admirable 
summary and by adding such comments as later and more intimate 
acquaintance with the fidd shows to he necessary. Mr. Becker says : 

IlVoald mm that the ^logical history of the Philippines is Someliiihg as 
follows: From early Paleozoic times onward an archipelago has usually marked 
hhe position of these islands. Prior to fhe Fooene nothing detnite is known of 
them, hut tother onvestigatiGn will very lik^y disclose Paleozoic and Mesozoic 

the islands. During the Eocene it is 

I ’ ! *' m A Bsill, (1002), im 
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probable that the lignitic series of Cebu was deposited, and the contorted in- 
durated strata, -which in other localities also carry black lignite relatively friHj 
from water, should be referred provisionally to this period. Wheihor the nnin- 
mulitic limestone found at Binangonan is Bocenc seems to me to be an unsolvtn! 
question. After the Cebfian lignitic epoch a great uplift and folillng took place, 
and this may have been a detail of the late Eocene movement which so profoundly 
modified Asia and Europe. It must have brought about temporary continuity of 
land area between Boimeo and Lusson. Somewhere about the middle of tlu' 
Miocene the country sank to a low level. Many of tlie present ishinds musi; then 
have been far below water, while Luzon and Mindanao were represen i.cd by 
groups of islets. Observations appear to suggest that the Agno beds represent 
the basal conglomerate farmed at this subsidence. A slow rise began, again dur- 
ing the later Miocene, and may have continued to the present day without in- 
version, yet the actual distribution of living forms is such as to give some 
gi'ound for believing that, at some intermediate period, the Islands were a little 
higher than they now are, but sank again only to rise a, fresh. The diorites and 
associated massive rocks, including their tuffs, may have made their appearance 
about the close of the Paleozoic. The less siliceous of these rocks seem to luive 
followed the more siliceous intrusions as a whole. The gold deposits, and perhaps 
other ores, are so associated with these massive rocks as to indicate a genetic 
relation. • The neovoleanic period began as early as the highest Miocene horizon, 
and very probably at the Post-Eocene upheaval. If the semiplastic marls of Oebfi 
are all Miocene, the earlier andesitic rocks, at least, date back nearly to the great 
upheaval. Among these rocks, also, there is sometimes a tendency for the basalts 
to follow the andesites, hut the one dacite found at Corregidor is later than the 
andesites of that island. The relation of the trachytes to the andCKsitcs is not 
certain, but the sanidine rock is probably the earlier. A very large part of the 
neovoleanic ejecta has fallen into water and been rearranged as tuffaceous plains, 
The volcanic vents appear to me to occur rather on a network of ffssures than 
on a system of parallel diaclases, and the volcanic activity is to be regarded as a 
thermal manifestation of the energy of upheaval. 


As regards the history of the Islands prior to the Eocene, our knowl- 
edge is in the same state to-day as it was when Becker wrote his summary. 
Furthermore, I am not as hopeful as. I was at the beginning of my in- 
vestigations that Mesozoic and Paleozoic strata will be found. They may 
by chance be encountered in deep wells, in a deep shaft, or in some canon 
of the cordillera on the Island of Luzon. The oldest fossil I have seen 


from the Philippines is Vwm-mwKtes niasi, which is typically Oligocene. 
LepidocycUfM, Oyclodypeus, Qlohigerina, Heterostegina, Lithoihammum, 
etc., are abundant. The Binangonan limestone is Oligocene. 

It is probable that the Islands have sunk at least once after the 
forteation of the Agno beds (Bnod Eiver conglomerate) . This fact is 
' stesfed by the presence of ph. indurated coral reef above the latter at a 
nwBiarf of oW; TMs Old r4f iS exposed in 

-a ip!f seenja onite probate 


Miooene uplift and 
'.i^.lfold-'bearing .veins 
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occur ill Beiiguet, as far as we know^ as fissure veins in the diorite-aiidesite 
and in ilic scdimentarics. However, ore deposition may still either be 
going Oil in Benguet or else have only recently ceased. hTo connection 
heiweon tlic iiitnisives and the ores is known with certainty, excepting 
that they botli follow (in Benguet) east and w^est or north and south 
lines of weakness. 

Tii.e ^‘^trachytes” referred to are andesites and therefore are to be 
regarded simply as variations of the andesite-diorite parent magma. 


PARTIAL LTkST OF GENERA AND SPECIES OF PHILIPPINE FOSSILS. 


Area nodosa Mart. 

Area Iiispida Phil. ! 

iEqxiipecten sp, 

Alectryonia folinm Lam. i 
Amnsiopecten bnrdigalen- i 
sis var. elongata Sacco, i 
Astarte sp. j 

Balanophyllia sp. ; 

Bulla sp. I 

Oallianassa dijkj Mart. ! 
Campanile sp, 

Capixliis sp. 

Cassis pi la Reeve, 

Cassis nodnlosa Gmelin. 
Cas.sis lierklotjsi ( ?) Mart. 
Cardita hoettgeri Mart. 
Cardium rugosum Lam. 
Orithium karangense 
Mart, 

Gerithium (Vicarya) cal- 
losa Jenk. var. semperi 
Mart. 

Chama sp, 

dementia papyra (?) 
Gray. 

Conus sinensis Low. ^ 

Conus '■ sulcatus Reeve. 
Conus vimineus Reeve. 
Conus odengensis Mart. 
Conus acutangulus (?) 

. Chemr 

' OonuB stritellun Jenk* , . ^ 
Oorbula , tunicata Hinds, 
Oulttellus^ ' " 'maxim us 
Gmelin. 

Cycloseris hidalgi Smith* 
Cyprssa poraria' ( ?) Lim. 
Cyprsea panienltis , (?) 


Gytherea javana Mart. i 
Dentalium sp. 

Dictyraea ( ? ) mieantha ; 

Reuss- i 

Dione sp. 

Dolium costatum Desk. 
Dosinia boettgeri Mart. ! 
Dosinia plana ( ?) Reeve. I 
Drillia (?) weberi Smith. : 
Euthria sp. ’ 

Fusus cortada sp. nov. 

(9 : 

Fusus tjidamarensis ' 
Mart. I 

Fusus (Cyrtulus) ver- ; 
beeki Mart. 

Glossostylus picturatus i 
Pfeifer. i 

Gryphcea sp. i 

Hindsia dijkj Mart. | 

Lagunum ( ?). 
Lepidocyclina riclithofeni 
Smith. 

Lucina sp. 

Lucina (Codakia) sem- 
periana ( ?) Issel. 
Maeomn- rosareana Smith. 
Madracis sp. 

Melanea laterita Lea. 
Melanea denticulata Lea. 
Melanea woodwardi Mart. 
Morio eehinophora Linn. 
Nassa verbeeki Mart. 
Nassa cassiculata Lam. 
Natica globosa Chem, 

N' a t i c a marochiensis 

Gmel. 

Natica reeteHina (?) 

Jeipkrr.y 'i i ' ' ■'?. / h 

pytim 


Natica callosior Mart. 
Nerita punctata Smith. 
Nummulites niasi Ver- 
beek. 

Odontoeyathus sp. 
Orbitoides (Lepidocyclina 
martini Smith). 

Ostrea sp. 

Pachyseris cristata IMart. 
Peeten subareiiatiis ( ? ) 
Bttg. 

Peeten retieulatus Reeve. 
Pecteii leopardus ( ? } . 
Peeten senatorius Gmel. 
Peeten Javanus ( ? ) Alart. 
Phos. aeuminatus Mart. 
Placuna placenta Linn, 
Pleurotoma gendinganesis 
Mart. 

Pleurotoma carinata 
Gray. var. woodwardi 
Mart. 

Pleurotoma iiodif era ( ? ) 
Lam. 

Plicatuia imbricata 
Menke, 

Fotamides palustris Linn. 
Potamid'es herklotz! ( ? ) 
Mart. 

Psammobia tenuis Desh. 
Pteropsis ( ?} hullata 
Smith. 

Ranella spinosa Lam. 
Ranella nobilis Reeve. 
Ranella subgranosa Beck. 
Rostellarea' javana' Mart. 
:'Septaria arenareaXam. 
Berdele' (t), dalli Smith. 
;; 3bphanoooenia ^sp- ^ ; 
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PARTIAL LIST OF GKNEEA AND SPECIES OF PHILIPPINE FOSSILS— cl(l. 


S trombus javanus Mart, j 
var. semper i Sm, 

T a g e I ii s coribimis ( V) 
Lam. 

Tagelus coartatus Gmelin. 
Tapes lobooensis Smith, j 
Tellina plicata (?) Va- 1 
leuc. I 

Teridina annulata (?) I 
Bttg. 


Tritonidia ventricosa 

Mart. 

Troclius sp. 

Turbo borneeusis Bttg. 
Turbo nivosus Reeve. 
Turicula joiikeri Mart. 
Turritella terebra Lam. 
Turritella cingulifera 

Sow. 


Venus pulcberrima { ?) 
Mart. 

Venus stiuamosa I;unj. 

I V e rm i ti s jungliulnii 
i Mart. 

j \dcarya callosa denk. var. 
j semperi Sm. 
j Vohiia pellis scr|Hmtis 
(?) Linn. 


Save for some fragments of deer and shark kaddi found by im; in 
the tuff fonnation in Batangas Province and in the recamt iuil\ by 
Adams, no fossils of nuimmais and re|)iile.s^ large or stnali., or of ilsh 
remains have been found. There are three reasons for this scarcity: 
Firsts the mammalian and reptilian indigenous fauna, was probably 
meager compared with that of the continental i racks, it is even viuy 
poor to-day; second^ there are few ejscavations in phu'.es which would 
most likely contain such remains; and, third, no search has, until 
recently, been made for them. 

The coal ineastires have furnished very few fossil plants, and all tliat 
I have found can be identified by the botanists at work on the living 
flora. I should be inclined to express the opinion, warning the reader 
that it is but an opinion and based on very fragmentary knowledge, that 
since the middle of the Tertiary, at whicli|time tliese Islands arose from 
the sea, there has been little climatic ebange. 

In fact, the tree fern and the vast nipa swam])s indicate that iht^so 
Islands are about in the stage of the British Isles in the Miocene pei’iod ; 
that is, we are still in the Tertiary period. 


■ ECONOMIC. 

During the three centuries of Spanish occupation very little mining, 
aa.-we'Ubw copcelve.of it, 'was carried on. Thousands of Chinese, Fili- 
pinos, ;and Mbrds 'have made wages through desixitory panning, for gold ; 


the semi- wild Igorote of northern Luzon have mined and smeltod copper 
and made' crude implements; and one Filipipo woman ha$ operated for 
a number, of years crude blast finmaces for smelting iron from whielx 
equally crude plow shares are, made and used by the natives in central 
Luzon.. 

dust ; rge'mining enterprises 

had I capital and engineers, 

'I 
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tlie numerous arrastres set up and operated in Ambos Camarines by 
Spaniards i'rom Mexico. 

The year 1905 practically marked the beginning of production in the 
Islands under the American regime, that of gold amounting to 35^000 
pesos (17j500 dollars United States currency). The mineral production 
for 1909 is given in Mineral Eesources of the Philippine Islands^ Bureau 
of Science, Manila^ 1910. 

THE METALS. 


Gold . — This metal has been found in some quantity in nearly every part 
of the Archipelago. It was mined in a crude way as long ago as we 
have any records. I have been in ancient workings on the Islands of 
Masbate Avliich probably were made by Chinese years before the coming 
of the Spaniards. Magellan heard reports of gold in the Camarines when 
he reached the Islands in 1531. Altliough it is not the most important 
mineral asset of this, or, as a matter of fact^ of any other countiy;, yet 
gold holds the first plaee^ for it is the easiest to mine and does not 
depend upon a market. 

The three principal districts where gold mining is now being carried 
on are Ambos Camarines^ Benguet, and Masbate. 

In the first-named district near Paraeale, mining is largely confined to 
dredgings although vigorous development on the lodes is in progress. The 
country rocks are largely schistose diorites^ gneissic granite,, and slaty 
shales. These formations are very similar to those found on the Islands 
of the Ivarimoun Archipelago near Java. The veins, as far as we no^v 
know them, are of only moderate width, but very rich; pockets running 
as high as one or two thousand dollars United States currency a ton have 
been encountered. Some of the values are found in the quartz filling 
along the contact of the diorite and granite, but several good veins are 
normal to this contact. Lode mining is farther advanced near Mambulao, 
there being 20 stamps dropping on the San Mauricio property and a 
Huntington mill operating on the Tumbaga. On the Paracale River 
there are- two Hew Zealand dredges, while m American (Risdon) dredge 
is digging in the Malaguit. A, large Bucyrus dredge will shortly be 
installed on the Gumaus River. 


The dominant rocks in Benguet are diorite and andesite, and the gold 
is found in fairly large quartz and caicite veins in north and south, eaat 
' ^4' west,- and northwest and southwest systems, cutting' the formations 
indiscriminately ; that is, they are fissure veins. 

Gold occurs both native and as telluride. The ore is not entirely 
milling; and cyaniding is resorted to, , The chief diaracteristics of 
except in one or two cases, are the general absence of manganese 
’ m gangtie to alLcaleiie witMn very 
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Altogether, there are only nine stamps dropping at the prcscmi; time, 
two mills having been badly crippled in the fall of llowovcr, two 

new mills are about to begin operatiojis. 

In the mining district of Masbate the country rock is largely andosile, 
in old, worn-down volcanic stocks. Tlie andosile is cul. l%ii'syslcni of 
northwest and southeast quartz veins, one of which is ovm-jft^uotei'.s wide. 
The ore is oxidized to a much greater extent than is tlio case in, Heiiguet, 
but is only partially free-milling. This ore also contaii.s large amounts 
of manganese oxide. There are four principal coinpanie.s in (iris disi.rict, 
but not one in the producing stage at the present time. Home dredging 
was attempted in this district, but for various causes it was iiusuecessful. 
Other promising regions are near Cabna and in Uneva ifeija, Luzon; 
the Cagayan-Muniqui-Pigtao district, Mindanao; the Hin-igao Poninsulai' 
Mindanao; the Island of Catanduancs; Pangasinan Province, Luzon- 
and Mindoro Island. ^ 


The gold mined in 1909 amounted to 495,194 pesos. 

^,9i7i)en_Same_ silver is found in all the gold districts, usually alloyed 
with gold. Mative silver has been encountered in Benguet in sinall 
quantities. Practically all the lead is argentiferous, 'rhe production in 

1908 was 3,750 pesos (1,375 dollars United States currency). That for 

1909 was not estimated separately. 

_ Copper.— Copper has been found in the form of arsenates and sulphides 
in (lie Mancayan-Suyoc district of the Mountain Province, Luzon as 
native copper in Mlasbate, the Camarines, and the Island of Job. The 
best known deposit is that in the Mancayan-Suyoc district. Eveland 
writes the following concernintg this deposit: 


M the exception of the one oro 

to W development, it is impracticable 

to treat the ore deposits in detail. It seems to be fairly conclusive liowevor that 
tte gweral type of vein in the district is a narrow quartz lead, carrying me’to li! 

SL S^eT generally with gold associated bTfrce 

These r^im are m the Mancayan diorite which underlies fhe 
;^trict, With the advent of the "trachyte" flow, metemo^ 
to«n place and the nature of the country rock is altered to a considerable degree, 

naw 1 this deposit to be rqther in the 

S^?Sof.h^t ! K r ’ tlian 

was tnongnt to be the case. 

Ufiai aftd gmc.— Le^ and zinc are associated in some of the Cama- 
h, in many localities, principally 

^ ,Cebf if ia of thp nature of 
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with varying percentages of iron^, has been found in several localities. 
However^ there is a fairly vrell-defined belt vdiicli follows the east coast 
of Luzon for a short distance^ beginning in the Camarines and then 
swinging into the interior^ wdiere it reaches^ as far as our Imowledge now’ 
goes^ its greatest development near the towm of Angat in Bulacan Prov- 
ince.-^ Three small blast furnaces of crude design are now operated by 
a Filipino w^oman. 

The following is an analysis of the ore.^- 


Analysis of the iron ore from Angat. 


Constituent, 

Per cent, 'i Constituent. i Per cent. ' 

SiO,-. ! 

!; 

2.24 !; NiuO - : 

AI.O„ 

6.52 !j KoO i 

FeO 

1.92 I H..O — i 0.04 


88.22 i' COo : 0.01 

MgO - 

CnO _ _ 

0.18i|TiO»— - ’ 0.77 

0.12 jl 1 



Manganese, etc . — Manganese oxide occurs in Ilocos ISForte in nodules 
concentrated in shallow beds. The original location of this substance 
has been traced by Smith to small stringers in a recent andesite flow. 
Manganese occurs in smal^ockets in the quartz veins in the gold districts 
of Benguet, Masbate, and Camarines. 

THE JSrONMETALS. 


FOEXiS. 


Goal . — Coal is found on nearly every island of the Archipelago. The 
principal localitie^s are Batan Island, Albay Province, Luzon ; near Com- 
postela and Banao, Cebu; near Cataingan, Masbate; near Bulalacao, 
Mindoro ; near Sibuguey Bay, Mindanao, and near Burdeos, FoHllo. The 
coal measures belong to the Tertiary period. 

The coal is snb-bituininous, and an analysis (by Fox) from Batan 


Island gives the following figures : 

Volatile combustible 39.98 

Fixed carbou 48.80 

Asb 5.70 

■ , ..I' ' Moisture 

; ' Sulphur 


D. bicOaskey, F. L, Min. Bur. (1903), 2, No. 3. 

« p, L. Stajigl, im. (19031 . ' . y V ^ ^ , ; 

Asbestos and Manganese Deposits, SThls JourncUy A (1907), 2, 145. 
\ 2* Smith, W, D.: The Goal Be|K>8its of Batan Islauky K 

3, No. 5: , , 

h'-W'-'VU I 


i Biw. 
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A sample from Cebu gave the following analysis (by Cox) : 


Volatile combustible 

3G.44 

Fixed carbon 

4S.S0 

Fixed carbon 

54.58 

Ash 

4:12 

Moisture 

4.8t5 

Sulplixu' 

1.88 


The production in 1909 w^as 31,000 metric tons. 

There is only one producing mine at present: The East Bataii coal 
company on the little Island of Batan. 

Petroleiun . — Oil seeps have been noted at two places on the Island 
of Cebu, two in Leyte, fonr on Tayahas Peninsula, and one in the Cota- 
bato Valley in Mindanao. Three oil wells have been drilled, but no 
appreciable flow lias as yet been obtained- One well in Cebu reaches 
a depth of 1,100 feet. The oil occurs in Tertiary sandstone and shalos. 


Analifsis of oil from 



I. 

11 . 

Specific gravity of filtered oil at 15.® 5 C. 

0.845 

0.831 

Initial boiling point 

80®O. 

70®C. 


Percentage. 

First fraction, light oils 70® to 150 0. 

27.0 

36.5 

Second fraction, burning oil 150® to 300® ^ 

50.75 

48.75 

Residium above 300® C. by differences 

10.25 

14.70 

Total 

100.00 

100,00 


PliospJiaie . — Small deposits of guano have been found in limestone 
caves, but no rock phosphate. One small deposit of apatite crystals has 
been found in Ilocos ISTorte, 

Sulphur , — Small deposits, scarcely large enough to be of commercial 
value, ocetr in Leyte on the Island of Biliran, Mount Ap6 in Mindanao, 
and a few other scattered localities. Ferguson found a fair deposit on 
*the Island of Oamignin in the, Babuyanes group. 

;; ; large natural salt' beds are^ yet known in the Philippines. 

Some very salty springs occur in several provinces, principally in the 
Mountain Province of Luzon. , 


Asbestos , — ^Asbestos of the anthophyllite and ‘ baltimorite varieties 
occurs in Hoeos; MortO;, but as yet only occasional veinlets of chrysolite 
have been seen.^. J There is no production and but little development work. 

, ' Mimr^ springs are at Sibul, Bulacan, and 

Los Bafioa 4 and sirty-eight thousand four hun- 
dred ebM in, 190 . 8 , ' ' , ; , ^ ^ , 
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Qlay . — Lnide ware, pilones^ cooking pots, brick and tile, all burning 
red and nnglazed, are made tliroughont tlie Islands. Some glazed ware 
has been manufactured, using common salt glazing, but little fine faience 
has been attempted. 

In Laguna Province some deposits of kaolin are located, but they are 
not extensively worked. Orthoclase feldspar and sand suitable for glass 
making have been found in a veiy few places. Good glass sand has 
recently been discovered in Ambos Camarines. 

SOILS. 

Although tile greatest application of geology is to mining, its relation 
to agriculture is of growing importance and not always appreciated. A 
mechanical analysis of soils is perhaps the most important for the scien- 
tific agricnltnrist, but next comes that of the chemical composition, and, 
finally, a knowledge of the geologic formation throws nineli light on the 
interpretation of the results. 

Soils are classified in several ways, namely, according to size of the 
grains, the chemical composition, origin, and lastly for what they are best 
suited. 

The unconsolidated part of the earth’s crust, of which the soil is only 
the uppermost layer, is known as the regoUth or blanket rock. According 
to Merrill the subdivision of the regolith are as follows : 

Residuary gravels, sands and clays, 
wacke, later ite, terra rossa, etc. 

Peat, muck, and swamp soils, in part. 
Talus and cliff debris, material of 
avalanches. 

Modern alluvium, marsh and swamp 
(paludal) deposits, the Champlain 
clays, loess, and adobe, in part. 
Wind-blown material, sand dunes, 
adobe and loess, in part. 

Morainal material, drumlins, eskars, 
osars, etc. 

Leaving out of account the relative merits of the systems mentioned 
on the previous page, I shall discuss the soils of the Philippines in relation 
to their origin. This course seems best for two reasons : First, it is the 
only one which a geologist should, attempt to take, and, second, it is my 
own belief that the only true classification is a genetic one. 

Two great subdivisions might then be made as follows: 

Treatise on Rocks, Rock'T Weathering and 'Soils.- New ''Toriy ''The ' Mac- 
millan- Company (1^06), 


Tlie regolith...., 


Sedimentary.... 


[Residual 

i Gumulose.... 
Colluvial 


Transported / 


Alluvial.. 


J5olian... 
i Glacial... 
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Philippine soils. 


iroUs, 

Origin. 

Resulting soil. 


1 

Basalt 

jhateritc. 


Residual ! 

Limestone 1 

Clay with much iiiHolnble iiialUn*. 

poor soil. 

1 

Shale 

Clay loam. 


[ j 

Sandstone 

Sandy loam to very poor sandy sei 

1. 

J Traiisported__i 

(Fluvial 

iSubatirial 

Silt. 

Sand, gravel, etc. 



x\s the rocks in the Philippines arc largely volcanic and as the pre- 
dominating class is andesite, or the olivine variety of it which is termed 
basalt^ it is to be expected that a large area oC the Islands would bo 
covered by a soil derived from the disintegration ot‘ these rocks, and such 
is the case. This soil is usually heavy, red, and because of the large 
amount of magnesia^ iron, calcium, alumina, etc., which it contains, it is 
exceedingly fertile. This ferruginous soil so much resembles some of 
the material in India which has been called laierite that I shall so term it 
in this discussion. BEowever, all of the formations classed in India as 
iaterite have not originated in the manner outlined in the beginning 
of this paragraph. 

Examples of this soil are to be found covering large tracts of Bataan 
Province, Luzon; much of western Mindanao and its upland, the vicinity 
of Sarangani Bay on the same island ; Hegros ; northern Luzon, especially 
near Baguio ; Basilan and Albay, Luzon. This soil is much like that of 
the Hawaiian Islands and is very well adapted to sugar growing, rubber, 
hemp, etc. 

Limestone is the next formation which plays an important part in the 
geology of the Islands. Vast areas are covered by this material and it is 
found on the summits of some of the highest mountains, such as Mount 
';Pati.;ih,,3>U!Spm y The formation is largely derived from triturated corah 
Although', a; limestone largely , is made up of soluble matter, it almost 
always cohtains some' insoluble clay; the latter stays behind while the 
soluble part is carried off by streams^ Therefore, a limestone formation, 
contrary to the 'usual belief, does not yield a very fertile residual soil. 
On the other hand, the transported soil originating from limestone is 
exceptionally fertile. As an instajace, we need only point to the limestone 
covered tracts of parts of Oehm, . Th^re the crops, chiefly corn, are very 
poor, while in ^ agriquliniral land in the Islands is 

to be found. 

The coal 
productive of 






^6, ar« 
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the Philippines has been derived from the disintegration of rocks poor 
in quartz. It is more in the nature of an arkose^ and hence yields a better 
soil than is usual for sandstone. The shales of the coal measures, next 
to the volcanic rocks, I believe, yield what may be classed as among the 
best residual soils. 

In temperate regions we must consider several varieties not found in 
the Tropics; for instance, glacial soils and loess or wind-borne soils, but 
in the present discussion concerning the soils of the Philippines only the 
Avater-borne material, fluvial, and subaerial soils remain for consideration. 

Examples of fluvial soils are seen in the valley of the Cagayan in 
northern Luzon, or in the Cotabato Yalley, Mindanao. These soils are 
A^ery rich, not only because of their chemical heterogeneity, but also 
because of the mechanical state of their particles, they being in an un- 
usually finely dmded condition and hence more easily utilized by plants. 
Furthermore, in a broad meandering stream the soil is being continually 
Avorked over by the lateral cutting and Ailing familiar to one Avho has 
much acquaintance with rivers. 

The subaerial deposits are water-borne, Avith the diflerence that the 
material is not carried along definite channels, but is spread out sheet- 
like in fans and cones at the bases of the mountains. The material is 
always much coarser than that just refered to and therefore not so good. 

A heavy, sticky, grayish-blue soil, which corresponds pretty closely to 
the ^‘adobe^^ in California, occurs at the bases of many mountains in the 
Islands. This is derived largely from the decomposition of basalts and 
similar rocks. This soil, because of its impervious character, is especially 
good for rice growing, as it holds water for a long time. 

From my own observations, while in the field working on other matters 
more strictly geologic, I have noted that the relation between the agri- 
cultural products and the geologic formations in general is shown in the 
following table : 

Formation. 


Residual 

Trausported— . 


'Laterite — Sugar, coffee, camotes,^ 

I nuts. 

I Limestone... — Corn, camotes. 

[Sandstone and shales— ^ Hemp. 

(Fluvial Tobacco. 

[SuhaSrial Hemp and some sugar. 


some hemp, coco- 


As I have made no special studies along this line, this list should be 
regarded as only a rough tentative summary. It is hoped that it will be 
suggestive to scientific agriculturists. , 

:4-:rtesian water , — ^The principle governing the occurrence of artesian 
water are so generally knoAvn that they need not be repeated. Still, it is 

' ^ Sweet' potatoes.''' > h, 
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not an imeoiiimoii tiling for welis to be sunk apparently without the 
slightest regard to the geology of the district wherein the well is located. 
I know of several cases like this, one where a well site was selected by 
means of the divining rod and later had to be abaiuloiied ; a. secoiul well 
was drilled for twenty-two months in the basal igneous complex* ; a third 
tapped a stratum which outcropped a short distance away in salt wat<n\ 
However, such mistakes are not eharactoristie ot* ilui Idiilippines, idr the 
Bureau of Public Works has been particularly successful in its well Avorlc. 
Although this organization has drilled wells in many parts o£ the 
Archipelago, it has met with its greatest success in the central plain of 
Luzon where artesian conditions are most favorable; that is, where 
alternating tuff and sandy strata with intercalated layers of clay afford 
good water passages. Many of these wells do not excecal 100 mclers in 
depth and yield a good supply of potable water. 

Some of the conditions favorable for the sinking of snccessfnl wvdls may 
be enumerated as follows : 

1. A porous stratum (preferably a sandstone) witli inipervioiis strata 
(clay) above and below, flexed into a syneline or monocline and out- 
cropping in a more elevated and rainy region. 

2. Porous volcanic material, ash or tuff, overlaui by impervious 
material. 

3. Porous volcanic material near a coast fringed with coral reefs 
(ponding). 

The conditions are best fulfilled in the piedmont areas where moder- 
ately deep wells tap the coal measure sandstone lying on the flanks of the 
cordilleras, or in the Manila tuff formation. 


LIST OF THE MQHE IMFOKTAHT WOKivS ON PlULUmNE OKOLOOY.-^ 

AbJulca T Casabiugo, . Enexque. Meiriiona acerca de loa eriaderon aiirff eros ' del 
' ; departamento ' de MindaaaOi, Misamis. Bol, de la Com, del Mapa 

• Telfp (1879), 8 o, 49 pp., 5 pis. 

Itinerarios geol^icos.. ' Observaciones toniadas al paso m los viajes he- 
chos a las comatcas amriferas Ae Misamis., Bol de la Com, del Mapa pool 
de 

Xurni. Xerremotos de Nueva Yizeaya (Filipimvs) ea 1881, etc. Madri<b Tello 
(1884), 80 , ai pp., 1 map. , 

Xmm. Ia Isla y sm azafrafes. Madrid, Tollo (1884), 

Mapa gcol de 


8o, 11 1 pL (mfp)., Also m. de la Com. dil M a 

'• Madrid 


Ibem. 

23 PP-, 


Tello (1885), 8o, 


pieoJ. Oe BspaMa, (1884), 

K.-"' 't . ) ' f I ‘ I '' 




GEOLOGY OP THE PHILIPPINE ISLANDS. 


S39 


Idem. El monte Maquilin (Pilipinas) y siis actiialos einansieioiifs vuieaiiieas. 
Madrid, Telio- (ISSo), So, 2S pp., 2 pis. Also in Boh dr la Cooi. >J>^i Mapa 
geoJ. de Bspana (1884), No. 11. ^ 

Idem. Rapida deseripcion fisiea, goolugiea y niinera de la Tsla de Cebu, ^^ladrid, 
Tello (18S6), 187 pp., 5 pis. 1 map. Also in Boh de la Cara, del Mapa gcoh 
dc UspaTia (1886), No. 13. 

Idem. Deseripcion fisica, geologiea y minera de la Isla de Panay. Manila. Cliofre 
(1890), So, 203 pp., 2 maps, 1 table. 

Adams, George I. The Mai'ble and Schist Formations of Romblon Island. This 
Journal, Hec. A (1909), 4, ST'-SO. 

Idem. Geological Reconnaissance of Sdiithwestern Luzon, This Journal. See. A. 
(1910), 5, 57-117. 

Idem. Geological Reconnaissance of the Island of Leyte. This Journal, Sec. A 
(1909), 4, 339. 

Idem. Nonmetallic Mineral Products. Production of Strnetnral Material. Min. 
Bes. P. Bureau of Science, Manila (1909), 45-49. 

Bacon, Raymond F. The Crater Lakes of Taal Volcano. This Journal, Sec. A 
(1907), 2, 115. 

Becker, George F. Report on the Geology of the Philippine Islands, 21st Ann. 
Pep. rr. 8. Ceol Surv. (1001), 3, 493-614, 2 maps, 1 pi. 

Burritt, Charles H. Report of Chief of Mining Biireau. P, I,, for year ending 
iMay 31. 1901. First Annual Report of the Philippine Commission. Washing- 
ton (1901), Appendix K. K. 

iDEjf. Report of the Chief of the Mining Bui’eau for the year ending September 
1, 1003, From the Fourth Annual Report of the Philippine Commission. 
Washington (1903), 325-342. 

Centeno y Garcxa, Josfi. Ministerio de Ultramar. Memoria geologiea -minera 
de las Islas Pilipinas. Madrid, Tello (1876), 8<>, 8, 64 pp., 1 map. This 
appeared separately and also in Bol. de la Com. del Mapa geoh de TJspaha 
(1876) , No. 3, 183-234. 

Cox, A, J. T^he Pimimate Analysis of Philippine Coals. This Journal, Sec. A 
(1907), 2, 41-65. 

Idem. Philippine Coals as Fuel, This Journal^ Bee. A (1908), 3, 301-356. 

Idem, Philippine Raw Cement Materials. This Journal, Bee. A (19C)9), 4, 
211-229. 

Brascbe, Richard von. Ausfluge in die Vuleaugebiete der Umgegeud von Ma- 
nila. In Verhandlungen der K.-K. geologischen Reiehsanstalt (1876), 89-93. 

Idem, Meittheilungen aus den Philippinen. In Verhandlungen der K.-K. geolog- 
ischen Reiehsanstalt (1876), 193-198. 

Idem* Aus dem Siiden von Luzon. In Verhandlungen der K.^K. geologischen 
Reiehsanstalt (1876), 251^255. 

Idem. Einige Worte iiber den geologischen Bau von Stid-Luzon. In Mineralog- 
isehe Mittheilungen gesamnaelt von Gustav Tschermak, Wien, Hdlder (1876), 
;i5t466,, 

Idem.' Frkgmeiite ' zu einer' Geologic' der Insel Luzon'" (Philippinen) , etc,' Vienna, 
"'Geppld^e 'Bdhh,,!' (1878), 99 pp„.5 pl$.' (incl. '2 maps). 

Eddinoeield, P. T. The Baguio Mineral District. Min . Res . P . J ., Bureau of 
Science, Manila (1910). 

T Oapo, Litfs. Iigeto"l)osquejo. 'acerea -deles principal yacfmienicfi Me- 

' tallferos de Pilipinas, Manila. MS, (|B98),, 191 pp. ‘ . • , 

'' '' ' 'i C ; , C''‘ 'M MV' ' ■ M 



340 


SMITH. 


EvELAKDi A. J. A Preliiniriary Eeconnaissance of the Maiicayan-Suyoc Aliiieral 
Region, Lepanto, P. I. Bull. P. J. Min-, Bur., Alanila, (1005), 2, No. 4^ 58 
pp., 43 pis., C maps. 

Idei^l Notes of the Geology and Geography of the Bag'uio Mineral .l)lsl,rict. 
This Journal Sea. A (1007), 2, 207-233. 

Feeguson, H. G. a Geological Reconnaissance of the Batanes Islands. Ihu' 
Eastern Peview (1907), 4, 152-153. 

Idem. The Sulphur Deposits of Camigiiin Island. Far Eastern Peinew (11)07), 
4, 152-153. 

Idem. Contributions to the Physiography of Die Philippine Islands. II. Bata- 
nes Islands. This Journal^ Sec, A (1908), 3, 1-25, 3 maps, 9 pis. 

Idem. Physiography of the Philippine Islands, ILL Western ATasba/lc. This 
Journal^ Sec, A (1909), 4, 1-17, 3 maps. 

Idem. The Metallic Resources of the Philippines. Min. Pes. P. /., Bureau of 
Science, Manila (1909), 20-29. 

Idem. The Aroroy District, Masbate. Min. Res. F, i., Bur(MUi of Science, Manila 
(1910). 

Goodman, Maubige. Island of Marinduqne, Far Eastern Review (1907), 3, 
365-366. 


Idem. Gold Placers of Nueva Ecija. Far Eastern Review (1907), 4, 88-80. 
Idem. Sulphur in the Philippines. Far Eastern Review (1907), 4, 120-121, 
Idem. Metallic Mineral Resources. Min. Res. P. Bureau of Science, hi anil a 
(1908), 22-25. 

Idem. A Reconnaissance from Davao, Mindanao, over the divide of the Sahug 
River, including a survey from Davao to Mati. Narrative of the Expedition. 
This Journal, Sec. A (1908), 3, 501-511, 2 maps. 

Idem, The Gold Field of tlie Surigao Peninsula, Mindanao. Min, Res. P. 

Bureau of Science, Manila (1909), 40-44. 

Hoohstexteb, F. von. Sehreiben an Alexander von Humboldt. Sitwingsbcr. 

Akad. d. Wiss. math.-nat. Masse, Wien (1859), 121-142, 1 map. 
lOKis, H. M. Polillo Coal Deposits. 19 pages MS. in Bureau of Scienc^o, 1 map 
(1906). 

ID3EM, Camarines Gold Fields. Far Eastern Review (1907), 4, 56-57. 
iDBiNdS, J. P, The Petrography of Some Igneous Rocks of the Philippines. This 
■Mmrnal,Beo, 'A (1910), 5, 155. 

'Jaoob, Reisen in, den Philippineti'. ; Berlin, Weidmannsche' Buchhandhmg 
(1873), 16, 381 pp., 1 map. 

Koto, B. On the Geologic Structure of the Malayan Archipelago. Journ. Ooll 


Imp. (1890), pt. 2, 83-120, 1 map. 

MoCaskey, H. B. Report on a Geological Eeconnaissance of the Iron Region of 
AjBgat, Bulacan. Bull A ifm' Manila (1003), No. 3, 62 pp., 42 jds,, 

Idem* Report of 'the Moping Bureau for the year ending August 

. ^ 31, 1904. .11 pie*, ^ maps. 

lDla£^ Sixth^ 0e BureaUi Manila ( 1906 ) , 

i^m. , o£ til* Director 



GEOLOGY OF THE PHILIPPINE ISLANDS, lUl 

Marche. Alfred. Liicoii et Palaouaii, six annees de Toyage aiiA Piiilippines. 
Paris, Hacliette (1887), 39S pp. 

Martin, K. Ueber tertiilre Fossilieii von den Philippines. Samn. des geol. 

Peiclis-Mnseiims in Leiden (1S96), 5, 52-89. 

Mas6, M. S. Volcanoes and Seismic Centers of the Philippine Archipelago. 

Census of Phil. Islands Bull., Washington (1905), 3, 80 pp., 4 maps, 5 pis. 
Idem. The Camignin Volcano. Bull. P. I. IVeatlier Bur,, Manila ( W02) . 162- 
129, 1 pi. 

Montano, J. Piapport a M. le ministre de Finstruction publiqiie sur line mission 
aux iles Philippines et en Malaisie (iS79-lS81). (Paris Haeliette 1SS5. ) 
Moses, A. J, The Crystallization of Luzonite and Other Crystallograpliie Studies. 

Amer. Journ. 8cL (1905), IV, 20, 277-280. 

Nichols, J. C. Notes on the Pigholugan and Pigtao Gold Kegion, Inland of 
Mindanao, Trmis. Awer. Inst. Min. Eng. (1901), 31, 611-610. 

Oebekke, K. Beitrilge siir Petrographie der Philippinen und der Palan-Inseln. 
Neues Jahrb. f. Mineral, etc., Beilage, Band I, Stuttgart Koch (1881), 
451-501. 

Richthofen, F. von. Ueber das Vorkommen von Nummuliten Formation auf 
Japan und den Philippinen. Ztsehr. d. deutschen Ges. (1862), 357. 

Roth, Justus. Ueber die geologische Bescbaffenheit der Philippinen. Jagor, F., 
Reisen (1873), 333-354. 

Idem. ConstrucciOn geologica de Filipinas. In JagoPs Viajes por Filipinas. 
Madrid (1876), 349-373. 

Sainz de Baranda. -ConstituciOn geognostica de las islas Filipinas, Ann. Minas, 
Madrid (1841), 2, 197-212. 

Santos, Jos^j Maria. Informe sobre las minas de cobre de las rancherfas de 
Maneayaii, Suyok, Buniucun y Agbao en el Distrito de Lepanto, etc. Manila, 
Press of the College of Santo Tomds (1862), 72 pp. Also in Revista minera, 
Madrid, 14, 

Semper, Carl. Reise durch die nordostlichen Provinzen der Insel Luzon. Ziachr. 

f. allg. Erdkunde, neu€ Polge, Berlin, Reimer (1861), 10, 249-266. 

Idem. Reise durch die nordlichen Pronvinzen der Inseln Luzon. Ztsehr, f, allg. 

Erdkunde, neue Folge, Berlin, Reimer (1862), 13, 80-96. 

SmTH, W. D. The Coal Deposits of Batan Island. Bull. P. I. Min. Bur., Manila 
(1905), No, 5, 56 pp., 11 photographs, 11 maps and sections. 

Idem. Orbitoides from the Binangonan Limestone. This Journal (1906), 1, 
203-209, 2 pis. 

Idem. Preliminary Geological Reconnaissance of the Loboo Mountains of Ba- 
tangas Province. This Journal (1906) 1, 617-631, 4 pis. 

Idem. Contributions to the Physiography of the Philippine Islands. Cehd Island. 

TMs Jottmal (1906), 1, 1043-1056, 8 pis, 
iDfGM. petrography of Some Rocks from Benguet Province, Luzon, P. I. This 
Bm. A (1907), 2, 235-253, 6 pis. 

jfpE Mj. (The Geology of the Compostela-Danao Coal Field, This Journal, B&o. A 
(1907), 2, 377-403, 15 pis., 3 maps. 

Idem. The Nonmetallic Minerals, Mm. Bes. P. I., Bureau of Science, Manila 
(1908), 11-21. 

Idem, The Asbestos and Manganese Deposits of Iloeos Norte, etc. 'This' Jmrml, 
Bee. A (1907), 2, 146. 



342 


SMITH. 


Idem. A Geologic Keeoimaissanco of the Island of iMiudaiiao and the Suhi 
Archipelago. I. iTai-rative of the Expedition. TJm Journal >S'(V*. A (1008), 
4, 473-500, 23 pis. 

Idem. A Geologic Reconnaissance of the Island of Mindanao and Suin Arcldpcdago. 

II. Physiography. This Journal, Hcc. A (1910) , 5. 

Idem. A Geologic lleconnaissunee of the Island of Mindanao a/nd tSnhi Andiipelago. 

III. Geology. This Journal, Sec. A (1911), 1- 

Idem. The Nonmetallie Minerals. Mm. Res. P. L, Bureau of Science, Manila, 
(1909), 11-19. 

Idem. Coal Resources of the Philippines. Wcononiio Geology (1900). 

Idem. The Paracale-Manibnlao Gold District. Min. Res. P. Buri'an of Science, 
Manila (1910), 1. 

Idem. The Philippine Islands. Handbnch der Regkmalen Geologic, lleraiisge” 
geben von Steininann u, Wilkens Heidelberg (1910), Bd. VI 5, Htft 3. 



ILLUSTRATIONS. 

Plate I. Pagsanjan Palls. 

II, Map. Showing orography and hj^drography. 

III. Map. Showing general geology as kno\\Ti at the present time. 

IV. Cliaracteristic Philippine fossils. 

V. Map, Showing principal mining districts. 

VI. View of Gold Creek, Bengnet, and suri’onnding country. 

TEXT FIGURES. 

Pig. 1. Section across northern Luzon. 

2. Section across Luzon (vicinity of Manila). 

3. Section across a part of Cebu. 

4. Section across a part of Mindanao. 


343 





PLATE 



















SiMiTii : Geology of yhe 


PHILIPPINE iS. 

pa J NCI PA L M I ER AL OISTF 

A«0 aiSTBIBUTIQN CtT 

KNOWN COAL FIELDS 

FREPARBC BV 

DlVJSiONI OF Mlf4ES, BURE.A-J OF SC't) 


i GOi.D 


^ ff [|TnA#A/vcC4y^/v ; 

ivaaPevnajidok p,, ' , / / 

lariacV i|jjj 

\ !^ANGAT 




aULA 

Culfor^ ^ 


C avi,t.e^\ia n u a ,g 

fl A C A i £■ 

St 

St/AAiACV?*/ // <0 

EX. ^ V “ A^JSr ev V 



X A. 


7 ^ 

D^inguote Q \ 


I N O* A N A O 


^^^ag;^an Sulu 



B O B N E O 


ZaiRboarig^a®^ 

■ ■ = ’:'0-. 
. . Aft - i ; 

^ 1 

^ ■ ' Sf't 



,d:'=fr 










Smith ; GEOi,oGY of the Phiupfinb Ihlands. 



RUA.XE 



GEOLOGiC RECONNAISSANCE OF MINDANAO AND SULU: 
11. PHYSIOGRAPHY. 


By Waesex D, Sictii. 

{From the Dirisicn of Mines, Bureau of Science, Mdnila, P. I.) 


OOXTEXTS. 

PlIYSIOGEAPHY. 

A. Plains. 

B. Elvers. 

C. Intermediate iipiands. 

B. i'ordilleras. 

'E. Minor types. 

1. Lakes. 

2. Coral reefs. 

3. Terraces. 

4. Volcanoes. 

5. Atolls, crater lakes, etc. 


In taking up the second chapter in the Eeconnaissaiice of Mindanao and 
SulU;, I am fully aware of the limited amount of our present knowledge 
of that vast territory. Much of this infprmation is scattered and can be 
found only in old libraries. For instance, one very important contribution 
by Abella ^ on the Misamis placer fields I am sure has never been seen 
by many English-speaking people for the reason that it is published in 
a bulletin of the Commission of the Geological Map of Spain. Similarly, 
important notes on the Agusan River region are to be found as a part of 
a report made by M. Montano to the Department of Public Instruction 
of 'Prance.^ The observations of oiir own party are alscunecessarily very 
fragmentary owing to the very unsettled state of the country. In ihe 
^ following paper I shall discuss the temtory in qu^tion, from a physi- 
ographic point of view solely. , Part III will take up the geology and 
^niinoral resources. 


, y, Casariego, E., Bfomoria aoerca d© Ips '0riad©3r©s,,'Anriferas -del , 

gundo Distrito del Bepartamento de Mindanao. BoL Bel Mapa''0^edL de 

I sJ ^ . •/, 

® Montano, I. Une Mission anx les Isles Rbilippines. Rapport a M. Le 

» Mii^iatere de LTnstrnotion i 

' ' A- . ■ ' ' ' A/ ' ' ' D:"' A 

- A ' ‘ ‘ . ;*A A .A''.. ,, , " BA't A. Gr- «A/,A'''^’* < 
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The gimt Islani’l oi' MiiuUmiu) exieiuh I'voin nearly 'MV to HV' noilij 
latitude and. Xrom 122° 2)0' to 12G° east longitude, a, region ot lorty niount- 
aius, beautiXuI lakes, primeval forests, and long and dvv.]) rivers. Tlu}. 
European settlements, all on tlio coast, tain l»e (Humi(‘d on (lie lingcn’s of 
one hand, dhvo military staiimis art' lotadt'd in (lit* interior, om.^ of 
eonsideral,>le size, tlio othei* a mere outjiosi.. Army irans[)oris and a. Onv 
trading boats stop at some jmints to discharge (‘aigo am! land new rtdavs 
of troops. With the exeeplion of the solcliens, ilioso who visit flitj island 
rarely go more than S to 10 kilometers inla.nd, so tha,t fis far as the outside 
world of commeree^, tourists, and even scientists is contH'rncd the interior, 
witli all its strange people, its latent wealth, and its magtii (i('eni st‘(‘n(nw, 
is hut little known. 

PLAINS. 


Mindanao has not a great proportion of coastal plain. SutTicioiit 
time has not elapsed for its fonnation to any giHiai cvytenl, as mountains 
everywhere border the sea. The only coastal ].dain of any importanc.te 
is that of Zamboanga; it is eoniined to the lower end of tlu^ petrinsula 
of the same name and roughly is 12 by 35 kiIo;n:ieiers in area. It lias a 


foundation of coral reef with a veneer of piedmont de])osits abovc^ it. One 
small stream, the Turaaga, straggles across it io the st'a, ''Phe plain is 
quite fertile and is the home of a large and mixed population of Moros, 
Filipinos, Chinese, Germans, and Americans. TIiq (vii;y of Zaiuboanga, 
because of the fertility of the sorrounding plain ainl its (!X(‘('])iional situa- 
tion, occupying a "‘•'gate''’ position with respect to sontliciai Mj'ndariao and 
the Celebes, has risen to the first rank among the settlements of the south. 
However, there is one factor which will always work against its greatest 
development: the Turn aga River is not navigable into tlw', luick country, 
which, furthermore, is exceedingly rugged sml not eapahJii' of supporting 
other than an uncertain population, either of restless hill ti’ibes as at 
present, or of .tpining camps which have not yet clevelopeHl. 
y .'The only coinparatively, large .plains in Mindanao border the Cotabaio 
AgnsanRivers, which gre approximately 400 and 300 kilometers 


in length. The width of these talleys^ varies- from' only a few kilometers 
^to 50 or 60. . The material constituting these river plains is for the 
most partxto^ derive^ from many classes of rocks passed over 

^ ritw ; It course^ moet excellent soil. 

I ! r' li, < ; . .li'" 

JSo, (Jrande da Mindanao .(Oofca- 
^ idTejr ina^ing ite ▼afy across'; 
plllp . 'Otiiew, and 
t^ie 
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work of estuaries affords easy communicatioii by boats between tlie many 
settlements on tlie plain. Tlie true delta runs back as far as tlie Junction 
of the two main branches at Tumbao. The valley above this, for 30 
kilometers or so, is not so wide, because the low Silik hills come down 
fairly close to the river on the north side; the latter tlien makes almost a 
right-angled bend to the north. To the southeast of this point there is 
a wide, low tract, 50 or 60 kilometers across, containing two bodies 
of water, marked on the map as Lakes Ligiiasan and Buluan. These 
are little more than swamps, their size varying with the rainfall. This 
great tract is gradually draining as the land slowly rises. ^ However, 
it could be artificially drained should this island ever become extensively 
colonized. 

Trom this point to the northward the valley plain continues with 
varying width.. Some low hills appear to the northwest at the junction 
of the Kabakan and the Eio G-rande, but toward the sea there is an 
extensive tract of low, forest-covered land without the high mountain 
range usually shown on the old maps. This position, which is about 160 
kilometers from the mouth of the river, is the farthest locality I reached 
in traveling up the valley. Trom this point I turned off to the east, 
following up the Kabakan Eiver. Mr. lekis, who made the trip from 
Cagayan, in Misamis, to Sevilla, reported extensive open country on either 
side of the river in that vicinity. • 

It seems reksonably certain that the region to the south- of the Eio 
Grande was once separated from the northern part by an arm of the sea 
which extended from Cotabato to Sarangani Bay. The existence of raised 
coral reefs on the south of the river points to this with a fair degree 
of conelusiveness. The stretch of country east of Lake LigT.iasan is 
underlain by loose sandstone which probably is quite recent. The rocks 
of the Matutan Eaage, a very interrupted line of volcanic stocks, are 
andesites which have poured over the country in rather recent times. 

The largest settlements of the Maguindanao Moros are to be found at 
the lower end of the Grande Eiver plain. Cotabato, a town of about 
1,000 civilized inhabitants is situated about 10 kilometers, by river, 
from the mouth. Although Cotabato is behind both Zamboanga and 
Davao at the present time, it has in some respects a more favorable 
geographic situation than either. Any town situated at the mouth of a 
navigable river draining an interior like that of central Mindanao pos- 
sesses great advantages over those which are not so situated ; and, there- 
fore, if Mindanao is ever opened to colonizers, Cotabato should heeolne 
the metropolis. 

® The evidences for very recent and very considerable elevation in Alindanao 
are abundant. • . ' '■ /’ ; ' ^ " f' ■" f i 

- . . ‘ Hdlipptne Census ' ■ ■, ■■ by ^ 
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The Eio Grande de Mindanao^ ]ux8 its source in the inountaiiis east of 
Cagayan, Misainis, and flows almost duo south to the southern booTidaiy 
of tlie siibprovinee of Bulddnon, swings west to the town of Sovilhp then 
east again in a wide curve and then southwest; a tew kiloiruders noi'th 
of Lake Ligiiasan it turns at right angles and tlows a, few degrees north 
of east into Iliana Bay. It is quite probable thni, ih(‘ rornicu* mouth was 
very close to Lake Liguasan and that the rivtu* luis gradunlly grown 
southward as it built up the delta mentioned on ])age Mtl. Moaiidors 
are quite common in this river (see Plate JI), there being one ])oint near 
Tnmbao where, by taking a small canal of 50 oi* To meters in longtii, over 
half an hour of travel can be saved. The banks show no rock exposures, 
nothing but mud could be seen ak far up a.s I followed it. The fall is 
only about one in 5,000, as the 30-meicr conioin* does not cross it until a, 
point 10 or 12 Idlomel.ers above the eontluencH; of the Kuhakan and 
Pulangui is x*eaehed, or about IGO kilometers from the sea. 

It is difficult to navigate any but light, flat-boitomed craft aluivc the 
Kabakan. A fiat-bottomed, stern-wheeled steainsliip drawing noi. over 
2 feet should be able to ascend 80 kilometers above this point, and it 
might reach Sevilla, were it not for Murphy's rapids, which (hiptnin 
Murphy describes as occurring in the vicinity of the Alanan .River. I 
suspect that an outcrop of some luird, igneous rocks, like dioriie, o(fcnrs 
here. Unfortanately, the Army topograpluu^s, to my knowledge, caiUccted 
no geologic specimens in the course of their work in this portion of ilie 
Cotabato Valle}^, and perhaps with good reason, for all. through Miincla- 
nao traveling and packing is extremely difficult. Tlu^ United States 
Army engineers have made an excellent topographic map of a large part 
of the Eio Grande and the region it drains, particularly that to the 
north. The topography hj Captain Murphy and his associaiofl in this 
region shows that the old maps were very broadly generalized, to say the 


Teastjr''^andd:n ihany instances totally wrong, 'Tliere is notliing resembling 
’ th«Tegtrlarv lineal^ 'arrangement of north and south tributaric^s as is bIjowii 
oh the Spanish, maps or tlie later American editions l)aBed on them. 

Terraces along this river are well shown, following the south fork below 
“Ttoiontaca and on the north branch back of tJngup, and agaiti near the 
the Libngto and the Bio Grande. Between the town of 
Tarhontaca there is an exteiiaivc, raised, 'flat- 
:■ ‘ to island in the delta. This was 


edral^reef S to 10 meters above ihe' 




banke neriodieally and thus 
Bice is the 
are'"' 
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THE YAXLEY OF TFIE AGUSAN. 

Mr. Maurice Goodiaan ® to some extent lias already described this 
great intermontaiie fiat. However, he does not give any definite figures 
as to its width. It is very wide, as is attested by the fact that the distant 
mountain peaks could be seen with difficulty. This broad valley must 
l>e in the neighliorhood of 300 kilometers in lengili. It is inhabitated 
b}^ Cliristian Yisayans, hlanobos, Mandayas, Manguangans, and Bukid- 
nons, the fii*st named having iinmigrated there. 

Some so-called lakes are found about midway in the length of this 
great stream, but according to all travelers in this region thei' are to be 
regarded as large, low, swampy areas over wdiieh the river has spread. 
The lakes are supposed to have originated in a local subsidence at the time 
of the earthquake of 189*2, which was very much like that causing the 
formation of Reelfoot Lake in western Tennessee in the Hnited States. 
Tlie description given me hy an American civil engineer, formerly super- 
visor of Surigao Province, confirms this view. He said that many trees 
of a kind not iisnallj growing in water could be seen submerged so that 
only the top branches were visible. This is not at all unreasonable in 
view of the fact that the valley of the Agnsan is a foens of great seismic 
activity, and the line of equal magnetic intensities follows its trend. 

There is little transportation over this plain. The river with its 
tributaries is at present practically the only route of travel. Hemp and 
rice are the chief agricnltiiral products. 


SMALL RIVEUS. 


Besides the two main rivers of central and eastern Mindanao and the 
Agnsan, in the northeastern district, there are several shorter and un- 
navigable ones in various parts of the island. The following will be 
considered: (1) The Sahug-Tagum sy^stem, (2) the Agus, (3) the 
Mataling, (4) the Cagayan, (5) the Iponan, (6) the Tumaga. Others, 
which are much longer than the last mentioned, but as yet of little 
commercial importance, have been omitted. 

(1) The Sahug-Tagum sgsiem . — This system, which is known as the 
Sahug in tlie upper waters and the Tagum in Bie lower part, has its 
source on tire southern slopes of Mount Kuanabayan. This is the route 
Iclris and Goodman took in the early part of 1908 to pass from the Gulf 
io'the upper wateirs of the Agnsan- 'A much, shorter way, 


A A fmm Davao, Mmdaiiao, over .the Divide „of the -Salmg Bivfer > 

to Butuan, incitKiiiig a Bxtrvej Irora Davao to Mati. This Journal^ Bee, A (1908), 
3, 601.^ « ' ^ , 

^ Mr. Goodman foimd that abnormally bigb water was sufficient to explain 
' ^ It 'is quit© prcbalble wlicu ib© ei^vtl ^n^neex 

tterf was ^ flood,, S.'fv : Isocliuio <apd Jsogouic Iww 

A©, .Island pi p, 246. 
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and one more frequently traveled^ is by way oT the ilijo to (/om])osl;(3la. 
Practically the only published data regarding the ^'agiun Ihv<n* ai‘e taken 
from Mr. Goodman^s namitive. He describes it a.s a, ioidnons stream^ 
about 90 meters wide at its mouthy Init only aboni. bO a( I1 h‘, ('onliiaauie 
of the Sahng and the Tagum; at this point ihs banks an^ 5 nndors 
above the water level and the formation is a br'own, and blue clay overly- 
ing sandstone. At Matinlnd the river shoaled so nuuh (Ind; a, loaded 
lanca could not be floated. The eomitry it travcrs<^s is all luuivily woodetl 
and occupied by MandajoTs. Dr. J. Montano, a If iuauh I ravel er, also 
made tliis trip^ but gives ris very meager notes on the physiography of 
the region. A map is given in his book showing a, long ridge a,t right 
angles to the xApo .Eange and curving to tluj nortlnvrvsi. Goodman, also, 
mentions this ridge. Montano likewise gives some geologic notes, to which 
I shall I'efer in the next section of the paper. Ho ]>iibliBlnid a. sketch 
map which is taken probably entirely from (rAlnionice 

(2) The Agus Biver . — This river drains Lake Lanao and flows north 
to empty into Iligan Bay. It is approximately ;]2 kilometers long and 
drops from 671 meters to sea-level. It has an average W1 of 20 meters 
per kilometer (110 feet per mile). However^ th\B is not uniform, for 
at Maria Christina Falls there is a sheer drop of 58 meters. The river 
is very narrow' and swift, flowing over a basalt formation (hrongliout its 
length. The army engineers have ascertained the depth and width at 
Mumnngan to be 26.5 and 15.5 metera respectively. Tlie flow of water 
has recently been measured by Mr. Bradshaw of the Bureau of Public 
Works, at Pantar bridge. Here the flow amounted to 9 second-meters, 
giving approximately 40,000 electric horsepower. 

(3) The Maiding is another short river with a considerable fall. It 


rises in the ridge south of Lake Lanao, and flows southwest into Illana 
Bay. It likewise flows over a basalt formation, and at Mataling Falls 
drops over; a hard layer of this rook into a pool 16 meters below. From 


here on the rock is much softer, and the river a mile or two beyond flows 

through a low plain of loose, bluish-black volcanic ash. The Mataling is 
very narrow, 10 meters on an average, and very swift. Its source in part 
is undoubtedly Lake Lanao, although there is no connection apparent on 
Um surface; it also receives the rtm-ofl from Davao Lake, a small body of 
, Ttater the ^sotttlwest comet of L^ike I^ao. 

part of Mindanao 

, frsra fit ifre mhmtaiiKras of >thO .^hbpwtraice of BuMdnon and 


to Makahalar Bay. , The 
^#4- tib Tagoloto. 




MINDANAO AND SULU: II. PHYSIOGRAPHY. 351 


narrow strip of moderately elevated 
Pnlangui^ flowing northwest in a , 
valley with long, gentle slopes up 
to Mount Katunlud on the west, 
but with very rugged hills on the 
east. In the upper part of its 
course its tributaries join it, mak- i 
ing an acute angle upstream in 
the normal way, but below the 
confluence of the Manguina and 
the Tagoloan Eivers the latter 
enters a narrow gorge with only 
one side stream coming in from 
the west in a distance of 19 kilo- 
meters, but with 24 entering from 
the east and all of these approxi- 
mately at right angles. ( See Plate 
III.) This remarkable drainage 
arrangement must be due to fault- 
ing and joining. There undoubt- 
edly was a local uplift east and 
west across the courses of these 
rivers, after they had become well 
established. The country to the 
south of their headwaters be- 
comes more open and flat. 

(4) The Tumaga River is very 
small and scarcely navigable above 
IJ kilometers from its mouth. It 
is mentioned here because of 
its importance to Zamboanga as 
a source of potable water. It is 
not much over 32 kilometers in 
length and very narrow and 
shallow. It rises on the slopes of 
Mount Panubigan, flows about due 
sbuth over schists and along their 
. strike until it issues from the 
Zamboanga gorge onto the plain, 
where after a short distance it 
turns sharply to the ^st. Just 
what haa so sharply deflected this 
stream is not apparmit, unless^ ' 
dnring a freshet# 
jjbsiW on 'the.^A^' i 


count!}" from the headwaters of the 



-Skv liiins South of Cotabato. 
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boanga a great load of detritus whicli atterwanls turned its course i,o the 
east.’ A slight warping of the coastal plain 
^ would also ex])hun this e(‘C.eni,r!(aty. 

-O P 09 

E >: TJIE INTniUiniH Arn UCLA NIKS, 

^ CO pi 

^ f! Under tins heading ivs (a)nif)ris(a{ ail. ih(! i(»r- 

/|c ritory lying between, the plains and the eorilil- 

A- loras. Wdtii 'th(‘ exception of the range east of 

A- th-e Aginsan L’iver^ the Kiilingtang M^ountains 

south and east of Lake Lanao^ and, tlie range 
Ri of low inoxintains in the Zanihoanga Ikuiitisnla, 

A: there is no distinct cordillera in Mindanao and 

0 the ranges cited are not of Builitdont height and 

0 coiitinnitj to place them exactly in that cat(3gory. 

By far the largest portion of tlie area of 
Mindanao then should bo considered as simply 
§ upland couxitry. We have seen tliat live central 
S plain of Mindanao is fairly lov^^. The prin- 
& ^ cipal upland areas, tlurreforc, arc the peninsular 

jA g portion south of Lakes Ligiias|n and .Bidiuin, 

. I ||: I known in part as the Tiruray Tablelari'd; the 

I g Lake^Lj-inao upland follows; then, third, prac- 

^ tically all of Zamboanga Peninsula ; and, fourth, 

2 ^ ^ I I the tract in which rise the Sahug, {:^ahul, and 

? S / « Agiisan Eivers. 

lAi, B ® 

,S S s the TTKUKAY 'CABLEIjAND. 

* ® i-, I 

^ rj I rie Tinn-ay tableland ia practically iiii- 

• %y explored. I have been on the edge of it near 

” Tamontaca and have sketched the southern sky- 
' I line to the south. (See fig. 1.) Several prom- 

inent points, Mounts Blik, Itiin-Itim, etc., riacj 
, ' above the tableland; their elevation is between 

i! •wl' 366 and 4S7 meters. The people inhabiting 

'M8V;t^,l^(are;;in a: degenerate band 

'‘•‘'i t » ■ « d , Moifpb* Mattohi^, and TagabiUs, all pagans. 

, :A . .% ' !- amis.wsa wi.0 twi-AKD. 


■ lilil* If 


^’tio north by IJiganj 
hji' riingnil 
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wliile certain of the most prominent points, such as Mount t-oaravri, are 
over 1,220 meters. It is for the ino>r }>art treeless, and coN'ereu v-iih a 
rich, red soil. Cogoii grass covers thu greater part of tlie slopes. 

Pliysiographicaiiy, the Laiiao upland is unique. It boars a verv 
striking likeness to the elevated prairies of the middle west ol the 
United States. A profile from Camp Overton to the lake and SMiitii 
to Malabang is shown in figure 2. One veiT striking' feature of this 
region is Keithley escarpment, a bold ridge with an abrupt face to the 
north and a long, gentle slope southward to the lake. A good idea 
of the topogi’aphy of this section is obtained from the panorama. (See 
Plate IV.) It is the belief of many people who have seen this country 
that Lake Lanao occupies a crater. The topography ( see fig. 3 \ of 
the country in general and particularly that of this escarpment does 
not, to me at least, lend much encouragement to this supposition. It 
is my belief that it is simply a basin between two well-defined mountain 
ranges, which has been danmied by lava flows and an unusual aceiimuL 
ation of wash from the hills. 
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To the west of tlie lake there are long, grassj^ slope® but the eoiintiy 
is sparsely inhabited. However, on the east there is a coii&ideiable tract 
of perfectly level, somewhat swampy land, with a fair!} bold, heavily 
wooded range behind it. A large population of Moros is found on this 
side of the lake. These are loiown as the Lanao, or lake Moros. This 
region may be called tlie last great stronghold of the Moros. I ha\e 
already given some aecoimt of them in Part I of tin® work.® 

This upland region is the most favorable in all Mindanao for while 
settlements; it is high and cool, and possesses a wonderfully rich sojl, 
particularly adapted to coffee growing. The country is veil suited to 
stock raiding. 

THE ZVmOAXGA PElVIXbtLt. 


The Zamboanga Peninsula owes its origin to a sharp upward hexing 
of sedinientaries. A veneer of volcanic material overlies them. It is 
strictly a cordillera, but only of moderate elevation. It is practically all 
upland country, but well dissected. The chief characteristics of this 
region can he enumerated as follows: (1) It is long and narrow; (2) it 
has a moderate elevation; (3) there are a great number of indentations 
in the coast line; (4) it has a small development of coastal plain; (5) it 
is topographically youthful, with occasional longitudinal streams and 
a great number of short, swift, consequent streams at right angles to 
the main trend of the peninsula; and (6) superimposed high points 
rise above the general uplands, such as Mounts Panubigan, Dapiok, and 
Malindang. 

The region is inhabited almost exclusively by Subanuns, a non-Ghris- 
tian Iiiil people who have evidently fallen hack before the Moros. They 
live in caingim (small clearing), where they cultivate camotes as their 
principal crop. They are very primitive, but in my opinion possessed of 
many good qualities. They are not, where I have encountered them, at 
al warlike.® 

THn OAVAO UPOAOT. 


This upland area is not very large. It comprises the country between 
j|po Bange knd the Agusan Mver. Its most prominent feature is 
feirly well-defined ridge which trends east and west and northeast. Its 
points axq iMouats Panoinbayan and Kuanabayan. Very little 
conh’tey. ^ The only scientific observers who have 
more attention to the character 
and tloodin^;, foiinerlj of 


in Part I 







f 't 
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of this report. Montano’s remarks relate only to the character of the 
rocks and hence should properly be left to the next chapter. 

From Goodman’s description it is eyident that the country is quite 
rough and heavily timbered^ with occasional clearings in which the long- 
haired Monday as live. 

THE CORDILLEBA. 

As I have said^ the only cordillera proper is that east of Agusan Eiyer. 
Very little accurate information about this region is at liand. Ickis 
crossed it from ■ Talaeogon to Lianga^ but his untimely death preyented 
his making a report on wdiat he saw^ There are two other prominent 
trails across this cordillera^ one from Compostela on the upper waters of 
the Agusan to Cateel, the second the route taken by Goodman from San 
J nan to Mati. This region is inhabited largely by Mandayas. 

Exceedingly rugged topogi’aphy would be expected in this region^ be- 
cause it is on the edge of the great continental horst. It is one of the 
most humid districts of the entire archipelago. The rainfall at Caraga 
on the eastern side of the cordillera from September^ 1902., to August 
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1903. vas 0,165 millimeters. This was exceeded in only two other places 
in the Philippines, naniehy at Borongan, east coast of Samar, and Ma- 
sinioe, west coast of Luzon. 

From the fragmentary notes we have on tJiis portion of the country I 
infer that the rocks of this cordillera are much the same as those in the 
cordillera of Luzon. I do not expect to ilnd the rocks of Mindanao any 
older than those of other parts of the Islands, hut possibly somewhat 
younger. 

Figure 4 gives a provisional idea of the main tectonic lines, to which 
is added the hydrography as we now know it. 


LAKES. 


There are in all thirteen lakes known in Mindanao. In order of size 
they are: Lanao, Liguasan, Biiluan, Linao, Mainit, Tvadagan, Malanao, 
Leonard IFood, Balut, Dapao, Butig, and Munay. 

Lahe Lanao , — ^This has already been referred to under another head. 

Lalc^es Liguasan and Bidum are simply the remnants of a greater 
body of water which fomierly occupied all the central low countr}^. 
Lieutenant Tan Horn, United States Army, made an exploring trip 
in 1902 from Cotabato across the Tiruray table-land to Makar and 
back by way of the valley between Mounts Malibatu and Matutan. He 
w’as of the opinion that the Eio Grande once flowed through Lakes 
Liguasan and Buiuan along the depression now follpwed by the trail 
through Talik and Tambatm This, I think, is very probably correct. 
These lakes are very shallow, being little more than swamps. Lieutenant 
Tan Horn in his manuscript report to the Adjutant-General says 


Out route was through the Buiuan River connecting the two lakes. The 
etetranee to the river from lake Buiuan was not more than a meter wide on 
aewunt of heing choked up by floating islands of grass, hut it widened out to 
Sfehdui forty meters for about 5 kilometers. It was hafd to distinguish the river 
from the nmnerou^; ^tero^. After 7 kilometers we came to some solid ground 
on the left haak whecO there was a U€mgi or market. After this we could see 
no solid ground on either hank until I reached the Rio Grande. Buiuan river 
is very swift, so swift in the channel we eame down that vintm must go up by 
another route. In one place we passed over a small fall about three-quarters of 
a meter >t 0 hei^rl^^the turn and the bottom being very sharp and we going so 

thror^ the,ht%h grass on the bank about 9 meters, 
i Was veyy muoh the same 

4 ofm w%tesr^ floating islat 


islands, 

yrater mhbagea, A small channel 
of itho lako ohninges 
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issued, “ called Diuagat, Bagun, and Linao. Tiie lii-si two auj really 
one and the other is only a few Idioineters farther up the river. These 
bodies of water are veiw shallow in places, in others there are trees 
partly submerged. They are navigable for hancas (dagoiits), and in 
one place a cliannel, navigable for light (3 feet) draught launches, has 
been located, beginning near Bimanan and ending in the main river. 

LaJce Alainit , — This is a smaller lake, more pear-shaped than it appears 
on the older maps, about 9.5 kilometers in diameter, situated near the 
northern point of Siirigao Peninsula. Its name, meaning hot, its shape, 
and the more or less high land around it point to the possibility of its 
being a caldera, 

Mr. Montano/- in 1881, wrote as follows eoiiceniing Lake Mainit: 

Tlie large lake of Mainit, situated at the center of the peninsula, at an altitude 
of 40 meters, seems to be the crater of an ancient volcano; it is circular, very 
deep, and its banks are very steep; it is surrounded by high mountains, •where 
hot springs abound. He calls attention in another paragraph to some limestone 
caves on the east side of the lake. 

Besides the moderately large lakes already discussed, -there are several 
smaller ones, like Malanao and Balut near Cotabato ; these are little more 
than ponds in the chance depressions in the topography. Lakes Maianah 
and Balut owe their existence to small synclinals in the sandstones and 
shales just north of the Eio Grande. Tlie same is true of Biitig Lake 
near the southeast corner of Lanao. 

Lakes Mxinay, Bapao, and Fonungan are due to depressions in the 
basalt fflow which covers most of that region. 

Information concerning Lake Leonard Wood is confined to a brief 
mention in a report to the Adjutant-General, United States Army, by 
Capt. C. C. Smith, fourteenth Cavalry, concerning an expedition made 
in June, 1904, from Misamis to Bumaqnilis Bay. This lake has an 
altitude of 889 meters, is shaped like a figure 8, and roughly is 8 
kilometers long by 3 kilometers wide. 

These bodies of water have played a most important part in the history 
of Mindanao. The Moro is by nature warlike. He has lived largely near 
the sea, alternating between the peaceful occupation of fishing and the 
more exciting sport ol' plundering'' villages and “taking of. slaves. With 
the coming of the Spaniards, Yisayans, and Chinese, and their settling 
along the coast of Mindanao, numbers of tlie Moros retreated into the 
interior as tlie Subanuns and other primitive people had done before 
them- ' Haturally, they settled abound the inland bodies of water, Lanao 
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Lanao. j^ot tliat Moros are not to be found in force elsewliere^, but here 
and in Basilan are the only places where they still eyade complete 
pacification. . 

The Moros around Liguasan are more peaceful because they are more 
easily reached. They are not found east of the Apo-Matutan Eange. 

It must not be inferred from what has just been said that the Moros 
pay no attention to agricultural pursuits. On the contrary, they devote a 
great deal of time to the raising of rice in the Cotabato Yalley and on 
the fringe of low land on the east side of Lake Lanao. In Sulu the 
Moro's principal farm product is tapioca. 

VOLCANOES. 


There are no active volcanoes at the present time in Mindanao. One, 
Mount Apo, has some vents on the eastern slope which emit steam and 
sulphurous fumes, but the mountain is in no sense active. Yulcanism, 
which is now merely an incident in the life of the island, was at one 
time the dominant feature. This period of volcanic activity was prob- 
ably tbe Pleistocene, when Mindanao was taking on its final shape; then 
Mounts Matutah and Apo near Davao G-ulf, the Buldnn Mountains south 
of Lake Lanao, Mount Malindang west of Panguil Bay, and the moun- 
tains near Lake Mainit were in all probability belching forth lava and 
ashes. Now these are all quiet; if not extinct, at least dormant. 

If we look closely at the map of Mindanao, we fin’d that the volcanic 
centers which seem scattered indiscriminately over the country in reality 
lie along certain definite lines which intersect and form a triangle. These 
trend N. 6° W., N. 68 E,, and IST. 53° W. Catarman, the active volcano 
on tbe Island of €amiguin, is located at the northern end along the first 
line and Mount Apo at the southern. Mounts Panubigan, Tres Keyes, 
Si^gatloaf, Malindang, and Oamiguin are situated on the second line 
with Lake Mainit (caldera) and, its hot springs almost on it. The third 
IMe rune fcongh the Ijanao cluster of old cones and soxitheast to Mount 
Apo. Mount Apo and the Kulingtang cones preserve much of their 







former shape, the others are much more worn and dissected by erosion, 
so that they are now little more than volcanic stocks. Mount Malindang 
is a very imposing pile of andesite and basalt, rising to the commanding 
devatton of 0,800 metm from the shores of Iligan Bay. It was last 
in? if 06 hy oolhnd B. A, Meaxps, Tlnited States 

’ tra-eeler itom 
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THE ATO VOLOANIC CLUSTER. 

Mount Apo is the highest peak in a volcanic cluster on the -west side 
of Davao Gulf. This peak, although higher, is not nearly as large as 
the old crater to the northeast. As I have said elsewliere, I seriously 
doubt if the present Mount Apo ever has been an active volcano. The 
old mountain, the two highest points of which are called Culelaii and 
Pumantigan, was doubtless the center of a very great disturbance in 
fornaer times, as the nature of eruptive material indicates an explosion 
or series of explosions wdiich must have devastated the country for many 
miles. The photogi’aph (frontispiece) was taken from Digos. 

I have no first-hand information concerning Catarinan, the only active 
volcano "which might be considered as belonging to Mindanao, it being 
on the little Island of Camiguin off the Misamis coast. An extensive 
account of this volcano and the eruption of 18^1 has been written by 
Father Maso, S. 

SHORE EEATURES. 

Coral reefs . — There are a number of phenomena along the shore 
which vitally affect the life and customs of the inliabitants of the island. 
Coral reefs are perhaps the most conspicuous of these features. The 
latter are found in scattered patches all around the island. However, 
the growth is no| great on exposed coasts like the stormy eastern one, 
bnt in sheltered bays like Sibuguey and Dnmankilis it is exceedingly 
difficult to navigate because of the reefs. They act as danger spots to 
the navigator and as a protection to the people on shore, for besides 
making it difficult for invaders to land they break the seas in tlie time of 
great stoms. A remote benefit due to reefs, remote because of the 
exceedingly long period of time which must elapse before it can be 
realized, is that they aid in the growth of the land. The coral polyps 
grow np to a limiting line which is the level of the sea, and upon this 
platform is deposited the detritus borne down from the mountains. In 
time this will be dry land. If the whole body of the land is rising, as 
is the ease with much of Mindanao at the present time, this growth 
proceeds with comparative rapidity. The prominent part that reefs 
have played in the formation of Mindanao can readily be realized when the 
raised reefs in many parts, partiqnlarly those found following the vdley 
of the Eio Grande, are seen.: 

; the m<^ striking of all physiographic ^h^omema, 

the significance of wM(ffi is not appreciated by the layman, is 

the terraeiog along the seashore and on the sides of the valleys. . , 
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Terraces originate in several wavs and according to tbeir origin we 
diseriininate the foIlo^YiIlg: 

River terraces..... J ^'lood-plaiii terraces. 

|2. Those due to inequalities of hardness of strata. 

JIarine terraces.-.P' 

[2. Wave cut. 

Rake terraces Tlie same as marine. Usually on a smaller scale. 

-I Jiave already alluded to the terraces of the Cotabato Talley. These 
are in pan marine wave eiih in part river cuh and also diLC to the eleva- 
tion of reefs. However, the most striking terraces are those along the 
present seasliore. Exceptional examples are to be seen. At Point 
Blanca, on the northwest coast of Mindanao, there is a raised delta of 
an old river. It is sliced off at the sea margin so that the structure is 
clearly revealed. A sea cliff exists in this soft material of from 6 to 9 
meters elevation .(estimated from the boat). Formerly, tiie lower end of 
this delta was at the level of the sea. The stnicture as now apparent is 
that of a typical delta with the cross-bedding always found in such forma- 
tions. 

The second striking example is to be seen in Makajalar Bay. Here 
the terracing is very pronounced.' I am indebted to Miss Eleanor P. 
Bliss for the following sketch made on a visit to .this locality in 1907. 
(See %. 5.) 

The meaning of these terraces, raised deltas, and beaches is that 
Mindanao, in some quarters at least, is rising. Very accurate coast and 
geodetic work, such as is being carried on now, and a comparison of the 
present with a resurvey fifty or a hundred years hence, might reveal a 
iheaswable increase, in area. 

' ' sratj. ■ 


: In tfee Sulu ArcMpelago vulcanism has played a most prominent 
tm the, most part is of more recent date than that of Mindanao. 
On tile Island of Basilan there are., many extinct .cones 'and more on 

On Tawi Tawi the signs. of 
are net so prononneed, and as far as I know this ,iB]and 
0 made np # aedinmntaHes- Siasi is practically a partially 

islands we have no distinct 
copes which do not 
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Island of Jolo tapioea and cocoiuits are the cliief products. 

, Basiian has several rubber plantations, 

Siasi and Lapac, just across a narro^.v 
\ strait from it. are now being given 

\ over to sago, coconuts, and tapioca. 

[ The striking feature about tins little 

k archipelago is of course the multitude 

of inlets with innumerable little bavs 
and proportionally great length of 
coast line. These features make this 
one of the best possiltle resorts for 
\ pirates and hardly a year passes but 

the Ihiited States troops have some 
slight encountei's with them. How- 
^ ^ ever, piracy has now praeticallv ceased, 

^ ^ There are three physiographic phe- 

% nomena which 1 desire to call attention 
^ ^ to before leaving this subject. They 

^ J are : 1, Atolls ; 2. Monadnocks ; o. 

^ I Crater lakes. 

/ tS ^ Aiolls , — I shall not repeat here .*i 

/ \ of an atoll It is sufficient 

\/ sc; I there are several more or 

I 'S ^ perfect ones in this region, some 

j I with lagoons of considerable size in the 

1 / 5 centerp others with only shallow de- 

/ I press! ons^ probably a result of eleva- 

)/ I tion and filling of the former basins. 

u § Motuidmcks . — I have used this 

X word for want of a more concise term 

g to describe the phenomena seen on 
CQ ^ sotne of the iwSlanclB, particularly Ma- 

rongas„ a very small island Jiist north 
^ of the town of Jolo. A photograph 

^ of these peculiar humps sticking out 

, ' ■ of the sea is shown' on 'Plate V, They 

' ' ''S''' '• ' ^i*e'"simply ' due tO' hardy’ resistant 'basalt 

; ' dikes which, bkve^''ihfrnfied The 

A I t , . 'y V,;;' tpehts.: and' hate 'withstood' 'sea action. 

: ; ■: ■’ /. ' Cmt&r are several of 

^ ^ ' . th^. m the Island oif d*oio. (Plate 

, ; I "fill ' ■ SSi, hear the -wineteted 
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Cagayan Snlu, wiiere on the southern side there are three almost circular 
in foim. These ai^e so near the seashore that the sea has broken through 
the rim of one. 

This closes my brief discussion of the physiographic units in the 
Island of Mindanao. It can be seen, then, that this is one of the newest 
and most interesting portions of the whole Philippine ikrchipelago, a 
region of slow but continued change. Possibly in time there will be an 
unbroken land bridge between Borneo and Mindanao. iVt the conclusion 
of the nest paper, when I shall have discussed the geology, I shall take up 
the broad questions of human response to natural conditions and attempt 
to point out some lines along which deyelopment is likely to proceed in 
this great island. 



ILLUSTRATIONS. 


Plate I. Mount Apo as seen from Davao Gulf. 

II. A meander of tlie Rio Grande. 

III. Topograpbj^ along the Tagoloan River. 

IV. Panorama of tlie Lanao upland. 

V. Islands off the north coast of Jolo. 

VI. Map of the Island of Jolo. 

TEXT FIGURES. 

Fig. 1. Sky line south of Cotahato. 

2. Profile, from Camp Overton to Malabang. 

2. Sketch of topograjiliy near Lake Lanao, showing the Iveithley escarpment. 

4. Outline map of Mindanao, showing cordilleras and principal drainage lines. 

5. Terraces at the mouth of the Cagayan River. 
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REVIEWS. 


Alleu’s Commercial Organic Analysis, 'Volume I. Edited by Henry Leffmann 
and W. A. Davis. 4tli ed. Cloth. Pp. x-f576, 86 illustrations. Price $5 
net. Philadelphia: P. Blakiston’s Son & Co. 1909. 

This admirable volume is composed of the following divisions: (1) 
Introduction by William A. Davis, treating with general methods, includ- 
ing preliminaiy examination, specific gravity, changes in physical state, 
optical properties, spectrometers and spectrographs, polarimeters, ar- 
rangements for maintaining known constant temperature, analysis, 
moisture, crude fibre and ash, and action of solvents, 83 pages; (2) 
Alcohols, by C. C. Jones, 47 pages; (3) Malt and malt liquors, by 
Julian L. Baker, 31 pages; (4) Wines and potable spirits, by C. C. Jones, 
40 pages; (5) Yeast, by Emil Schlichting, 21 pages; (6) Neutral alcoho- 
lic derivatives, by Henry Leffmann, 54 pages; (7) Sugars, by E. Frank- 
land Armstrong, 119 pages; (8) Starch and isomers, by E. Frankland 
Armstrong, 59 pages; (9) Paper and paper-making materials, by E. W- 
Sindall, 19 pages; (10) Acid derivatives of alcohols, by Henry Leffmann, 
82 pages ; an Appendix, 1 page, and an Index, 6 pages. 

The book is a useful compilation for analysts and in all but a very few 
instances is well up to date. It is but natural for each individual 
worker to find something to criticize and to discover omissions which 
he would like to have included in the work. On page 258, under the 
Eimini reaction for formaldehyde, is omitted the very satisfactory test 
given on page 185 of Bulletin Ho. 107, Bureau of Chemistry, United 
States Department of Agriculture. 

Under the heading ‘^^Detection and estimation of chloral,^^ the delicate 
test of Covelli, depending upon the coloration of fatty oils (Chemiker 
Zeitung (1907), 31, 342), is omitted. It is possible that these methods 
appeared after the book had gone to press (the first appeared in 1908 and 
the second in 1907), although this do^ not seem to be the case, for the 
section upqn potable spirits is completely up to date and contains refer- 
ences to most improved methods of analysis (p. 190) and their inter- 
pretation (p. 202). The considerations of mannitol and. the methods 
for its estimations and detection does not appear in this volume while in 
the former editions several paragraphs oxe given on this subject 

The typography and binding leave little to be desired, ^thongh a fetv 
errors are oteerred. This edition should be in every diemisfs library. 

H. % <1* 
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Allen’s Commercial Organic Analysis, Volume II. Edited by Henry Leffmann 
and W. A. Davis. 4tli ed. Cloth. Pp. x+520. Price, $5 net. Philadelphia: 
P. Blakiston’s Son & Co. 1909. 

Tlie previons editions of this work have been so eminently serviceable 
that analysts will naturally direct their attention to the fourth and latest 
edition. Much of the subject-matter of tho present volume appeared in 
Toliiine II, Part I, of the third edition of ‘■‘■'Commercial Organic 
Analysis/'' but the analytical chemistry of explosives, which was partly 
included in that volume, has been omitted. 

As is to be expected in a book of tins kind, written by several contrib- 
iitca's, difterent parts are of very different merit. In the ojnnion of the 
reviewer tlie chapters on Special Characters and Methods, by Leonard 
Archbutt, and Linseed Oil, by C. A. Klein, are particularly valuable. 
The analyst will welcome the abundance of new material to be found in 
Mr. Arelibutt’s chapter. The new data on tung, soja-bean, coconut, and 
candleniit oils will be particularly welcome to analysts in tlie Orient. 
The recent work by Mr. H. S. Walker of tins laboratory on coconut oil 
is included. 

The ^ chapter on General Properties and Analytical Methods by C. 
Ainsworth Mitchell does not appear to have been brought up to date as 
thoroughly as the other chapters. The author fails to describe the Hanus 
modification of the Wijs method for iodine absorption, although iodine 
numbers obtained by this method are quoted in other chapters of the book. 
Inasmiieb as this method is widely used and is recommended by Leach, 
Wiley, and other authorities, the reason for its omission is not clear. 

Altogether the book is a splendid compilation and an indispensable 
asset for a well-equipped laboratory. 


B. T. B, 
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PHYSICAL AND CHEMICAL PROPERTIES OF 
PORTLAND CEMENT.— PARTS 1 AND II. 


By W. C. Reiblixg and F. D. Bbyes. 

{From the Chemical Lahoratory, Bureau of Hcience^ Manila, P. 2.) 


INTRODUCTIOlSr. 

In a paper on the subject of Portland Cement which appeared in a 
previous number of this Journal^ the efficiency of modem cement spec- 
ifications and standard methods of testing were discussed^ and the effect 
of climatic and atmospheric m§.uences on certain brands of commercial 
Portland cement noted. Incidentally, exception was taken to the pub- 
lished statements of several authorities regarding the significance and 
value of the specific gravity and soundness tests. It was also pointed 
out that ‘'^seasoning” could injure as well as benefit cenaents and almost 
incredible changes in the physical properties of some cements produced 
by slight changes in temperature, or by aeration, were recorded. In con- 
clusion, the authors suggested the characteristics which cements should 
possess in order to give the best efficiency in tropical countries, and stated 
that investigations would be continued on samples of many grades of 
Portland cement in order more thoroughly to test the soundness of their 
, dediietions. ; 

'Our main efforts in continuing this work have been directed toward a 
study of those characteristics of Portland cement regarding which there 

^ Eexbiiiigj W, C., and Salinger, L. A,, fMs Jommak 3, 137— 1$5. 

'V'S V ’ ' ’ L . \ V'. ‘ , "'v; i 
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exists tlie greatest amount of misconception and diversity of opinion, our 
object being to assist in the imirersal effort to improve cement specifica- 
tions. It is our desire to affiliate our efforts with those of the American 
Society for Testing Materials and with similar associations which are 
endeavoring to formulate cement specifications so drawn as to guarantee 
the manufacture and use of Portland cement of the quality sought for. 

The quality which we need in cement is constancjj; constancy in satis- 
factory setting properties^ in volimie,, in strength, and in sand-carrying 
capacity. The demands of modern construction work have also made it 
"Af vital importance that this material should not only harden rapidly 
and attain a great strength^ but what is far more essential, that it maintain 
this strength.” “ However, sixty years of strenuous effort have failed to 
perfect methods of testing or to produce specifications wdiich will insure 
a cement of this quality, or correctly to classify the various products in 
their true order of merit. 

Our investigations were conducted on many grades and brands of inate- 
riah Pew places in the world offer a greater variety of cements than 
Manila. Portland cement is not manufactured in the Philippines and 
our tariff and location make it possible for cement manufacturers through- 
out Europe, America, and the Orient to place their products on sale here 
at almost identical prices, so that we had at our disposal brands of Port- 
land cement manufactured in ail parts of the world and representing 
almost every class of raw material, process of manufacture, and degree 
of sintering. These various products were sent to the laboratory, tested, 
their characteristics noted and larger representative quantities then ob- 
tained for research purposes. 

Each brand was mixed thoroughly and then preserved in 10-liter, 
air-tight bottles until used. It was analyzed chemically and the physical 
tests made which are outline in the specifications of the United States 
Army (190^), the American Society for Testing Materials (1908), and 
the Philippine Government (1908),^ the strength and soundness deter- 
minatmns bemg contmned for one year Each brand of cement was then 
and from time to time repeatedly sub:jected to a like physical 
Teste of abrated samples were accompanied by similar 
m '#10 tm^rateft wnent Th^ constituted only the foundation 


foy-a of the oahse and significance of all 

chemical, and calomnetnc 

■ I 1. '4''^ '‘*1, . A" 
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tests ; eoriipress.ioii deterBiinations on concrete cubes, mortar cylinders and 
the broken teiisile-strengtli briquettes; expansion bars; air, moist-air. and 
sea-water exposures; and acid and alkali treatments, were all utilized. 
After working on the commercial product, we continued the inxestigation 
on the nonaerated clinker received from iiiannfacturers in Europe and 
China. Pinallv, one of the authors visited a few cement mills, where 
every courtesy and assistance were given to him and where lie was enabled 
to secure valuable information and collect special material for this work. 

For the sake of brevity and clearness the work wliicli we have done 
will be presented, as far as possible, as an abstract of the results. 

CHEMICAL ANALYSES. 

Taljle xA (xAppeiidix I) gives the chemical analyses and physical 
cliaracteristies of typical samples of various brands, the requirements and 
methods of the American Society for Testing Materials being used. 

The chemical analyses of the same brand of cement taken from time to 
time during the past five years usually have showm very little variation, 
and the analytical work of this Bureau has been found to agree very closely 
with similar records taken from factory reports on identical material. 
Despite this unif oniiity in chemical composition, we have at times encoun- 
tered much variability in physical properties. Even in the same shipment 
we have met with sound and unsound, and slow and quick-setting cements, 
as well as cements which developed both low and high seven-clay tests, 
accompanied by good increases, or slight decreases in later determinations 
of strength. ^ 

On the other hand, some brands of Portland cement have shown the 
most remarkable uniformity in physical properties. The significance of 
chemical composition and the relationship between chemical and physical 
pi’operties are given under the specific heads of the discussion. 

Part I. 

FREE LIME IN PORTLAND CEIMENT. 

As our investigations progressed it became evident that the physical 
properties of Portland cements were influenced to a marked degree not 
only by the amount of free lime, but also by its condition, that is whether 
this calcium was present as the hydroxide, oxide, or as the latter heated 
to a degree of incipient fusion. 

The most diverse opinions have been expressed concerning the qu^- 
tion of the existence and importance of free lime in Portland cemenk 

AJired H. White ^ says: "Tt is rather geaerally, although by no jneaim mixer- 
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D. B. Butler® makes the following statement: “Unstable lime com])oinuls, or 
rather lime compounds wliieh, after a more or less prolonged lapse of time, 
slake with considerable expansion, there certainly are, and these are doubtless 
answerable for the unsound cements which are sonictmies met with, but anyone 
with experience in such matters will appreciate the fact that free lime, i. e., 
calcium oxide, can not exist in contact with argillaceous or acdd compounds at 
ordinary cement kiln temperature/' 

W. Michaelis, Sr.,® writes as follows: “Even by the clinkering proe(*ss tlie 
inside of the coarser grains of calcined lime can never be reached by the fusing 
silicates surrounding them. The powdered clinker thorefoiv' must contain a 
certain amount of uncombined lime." 

The more direct evidence of chemical, thermoehemical and microscopical ex- 
periments has also led to diverse conclusions. 

W. Richter believes that all lime in cement is combined. Steuer,** Wormser 
and Spanjer/ and Hart,^® on the contrary, state that tliey have extracted 4d, 
26.6, and 30.34 per cent, respectively, of calcium oxide free from combination, 
from Portland cement. 

There is also a diversity of opinion in regard to the physical a,nd chemical 
properties of free lime and its effect upon the properties of the cement. 

Hart “ states that the reason why 30 or 34 per cent of free lime can exist 
in Portland cement without injury to the product is because this lime is vitrified 
and crystalline, differing physically from amorphous lime. He believes that on 
hydrating, this vitrified lime hardens under water and considers the balaiu;e of 
the cement material as ballast, as slag which does not harden. Others regard the 
lack of much free lime in the rotary clinker as detrimental. They believe that the 
old set-kiln process was best, even though it produced a cement which contained 
much free lime. They state that under the modern practice of ageing, grinding, 
and mixing, a considerable amount of free lime is taken care of and that, although 
the rotary kiln has reduced the percentage of free lime, it has worked an injury 
because the increase in the silica and alumina ratio has resulted in a cement 
that fails to maintain its high early strength. 

E. B. Campbell “ assumes the opposite to be true and writes as follows: “.Free 
lime in Portland cement will not only not be slaked during the mixing and setting 
of the ceinent, hut will not become completely hydrated even when the cement 
is huMers^ in 'mt^x until about fourteen days have elapsedf The result of this 
gtaditat sl^ng is to produce abnormal expansion of the cement. The expansion 
due to free lime slaking in the air may become so great after several months as 
to eauae complete disintegration." 

E. B. MeCready^s^-^ views are similar. He states that: 

the amcmat of Tineombined lime is not enough to cause disruption. 
tNiStoaiA «6t^' toply lifiealc^s the specimen so that it is more readily broken 

«i li. ,,r, ' n , ' 
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in tlie testing inacliine. The rate at which this disruptive strain iiierea.-^ea in 
different samples under various conditions of burning, grinding, and testing is 
the kernel of the nut which we ought to crack before placing too nnicli reliance on 
values deduced simply from analyses or percentage of gain.’’ 

Heretofore, it has been impossible to make other than a very limited study 
of free lime in Portland cement. The few reliable methods for its detection 
and estimation were so difficult and tedious as to be impracticable for general 
application. They also failed to reveal the xdiysical characteristics of lime so 
detected. 

However, Alfred H. White-" has recently described a quick, delicate, and 
reliable method for the detection of free lime, the development of which promises 
to be valuable. Unfortunately, this method has not yet been made quantitative, 
but its application enables us to determine the relative amounts of ealcuim oxide 
present and to distinguish between that which is sintered, nonsintered, or hydrated. 
White has not had time nor opportunity to develop all of the po.ssibilities of his 
discoverv; and tho,se deductions which he has made from the application of this 
test on comniereial Portland cements have proved faulty in some eases because of 
his assumption of a somewhat universal misconception, that ‘•cemems which pass 
a perfect boiling test may safely be assumed to contain no free lime’"' and because 
the phenomenon of the formation and development of his so-called calcium phe- 
nolate crystals was not sufficiently imder stood. 

This laboratory has employea White’s test in the study of the cements 
which have come to hand and as a consequence it has acquired a funda- 
mental importance in our interpretation of the causes of many otherwise 
inexplicable phenomena. The proofs of the presence and the effect of 
free and hydrated lime in commercial cements are so eonclnsive that a 
somewhat extensive account of onr investigations in this respect is 
necessary. 

CALCIUM HYDROXIDE-PHENOL. 

Correctly to interpret the significance of the crystals described by 
White and termed by him “crystalline calcium phenolate,” we investigated 

their formation, habit, and composition. 

Phenol will not react with ealeinm oxide or with calcium hydroxide 
except in the presence of water. Calcium hydroxide will combine with 
phenol and water to form characteristic, long, slender crystals which are 
ktinguished by parallel and visible with crossed nicols. In an excess 
of phenol, the length to which these crystals may ^ow depends upon 
the amount of lime and water available at all stages of the rewtion. By 
carefully controlling these factors we have succeeded in obtai^g crys^s 
2.0 millimeters long. However, water in e^s of ihat 
ing into the composition of the crystals destroys them, either by Bolntion 

Tre^^stals formed from calcium oxide are in all respects similar to 

^ W Mff. C1903)j 1863. Tto method mlj 


C1903)j 1863. 
B0ir (1W)> 175 
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those from the hyclroxide, but in this case more water is reqiii}-eci 
eojiiplete the crystal lizati on because the oxide must f rst hydrate aiic 
so doing absorbs about one-third of its own weight of water. 

These facts were made clear by a method which is illustrated 
feiire 1. 


Fic. tutes showing the effect of water on the formation of calcium hydroxide- 

phenol crystals. 

Tire test tubes were taken, each of which coutaiued 0/25 gram of pure, drv 
ealciuju oxide or hydroxide, SO cubic centimeters of absolute chloroform, 1,5 gram 
of phenol and the amoufft of water specified in the illustration. The tubes were 
sealed, shakm for eight hours, and iheti their contents allowed to settle. Calcium 
oxide and hydroxides hare a higher specific gravity than chloroform. In tubes 1 
and 2, where no water was present; they wore, not acted upon, dnd haye settled 
to the bottom of the liquid With their original bulk unchanged. On the other 
hand, the crystals 0l taiclum/hydroxdde-phenol 'are 'specifically much lighter than 

'yater , there .was ^ incomplete reaction 
and the 'mixtdre does hotvghpw a>sharp'l^e;'df sepai^tmn. In tubes 4' and^ 5 with 
te'and six^ drops' of has;^, tactically 'rea^^ 
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pletion and altliougli the crystals may not be pure, still all of the solid has 
risen to the surface and a sharp line of demarcation is visible. A microscopic 
examination of the crystals formed in tubes 4 and 5 showed that they resembled 
each other in all respects. They were similar to those shown by figure 2. 

A more satisfactory and accurate method for Tracing the gradual slak- 
ing of lime and its ultimate conversion into the ciystals under considera- 
tion, is to allow hydrogen gas saturated with water to bubble throiigli 
chloroform or iiitrobenzol contaiiiiiig a slight excess of phenol over and 
above the amount necessary to bring the calcium oxide into complete 
reaction. A microscopic examination of calcium oxide b'eated in this 
manner shows that the reactions proceed very slowly. 

At first, a gradual hydration of the oxide takes place, which can be noted 
because the lime when hydrated becomes visible in polarized light through crossed 
nicols. After the gas has bubbled through the solution for many hours, small, 
slender crystals begin to appear. These continue to grow’ in size and number, 
and the loss by ignition of filtered samples gradually approaches a niaximiim. 
Eventually, the crystals resemble those which are developed by a similar process 
from the hydroxide and if the saturated gas is allowed to continue to bubble 
through the solution, the loss by ignition of filtered samples decreases until 
finally they dissolve in the solution. If the latter is then dehydrated, the crystals 
again appear. It requires very much less saturated gas to produce a niaxiinuni 
yield of crystals from the hydroxide than from an equivalent amount of oxide. 

The crystals have also been separated by us from their solution in an 
excess of phenol and water. Water gradually was added to the tubes 
containing the oxide or hydroxide^ phenol, and cliioroform or nitro-benzol, 
until the ciystals formed had dissolved. The resulting solution was 
filtered, evaporated over sulphuric acid to crystallization in a vacuum 
desiccatoib ihe crystals were then washed with chloroform and dried in 
vacuo. 

Unfortunately^ no solvent for recxystallization has been found, and 
therefore it has been impossible to obtain exactly concordant numbers on 
analysis. The purest crystals obtained were found to contain from 20.5 
to 23.8 per cent of calcium oxide. 

The analyses of the purest crystals as well as the conditions necessaiy 
for their synthetic preparation, indicate that they have the following 
composition: Ca(OH )25 (CeHgOH)^, 

A study of the behavior on the microscope slide of calcium oxide and 
hydroxide in the presence of phenol containing varying amounts of water 
confirms these conclusions and gives a method for the positive identifica- 

' ; ia one insfanoe 0.B280' 'gmm : of aubstauce gaw grasp, 

of oxide and 0.1692 gram of water. 4 imerosc^ d tfi&e 

oontajped.' a stmall amount of impurities. If we eon- 
kil^ ‘ ^ carixmat© and the above formula aft #e com* 

■ ^0^4^ the yi^d of waW should. hftve bteU* 

gram, that J , 
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tioii nf \nv liiiii', siiitLwl, 21011 -sintered awd slaked, 
and like Jiiaterials. 


in Portland cement 






Fig. 


Characteri.<5tic crj'stals obtained by tbe micrO' 
seopic test from calcium hydroxide. 


vm 


iiydruxide used on tlie slide 
were vjiried from a mere 
trace to 3 milligrams; and 
only those crystals were 
compared which formed in 
the thin sections under the 
cover g-lass where the par- 
ticles were well distributed. 
The reasons for so doing are 
obvious. Tlie cover glass on 
the slide keeps the solution 
motionless. Therefore, each 
paiticle of s oxide or hy- 
droxide is confined more or 
less to that part of the 
solution v'hich is in contact 
with it. Either substance 
tends to dehydrate and de- 
phenolate the surrounding 
solution and thus to retard 
or prevent the further 
growth of the ciystals. 
This is shown by the fact 
that in solutions containing 
less than 1.6 per cent of 
water, the average length 
of crystals formed from 
isolated particles is greater 
than from those which are 
massed together. 

Tlieoretica]l\b we would 
expect to find a radical 
difference between the mi- 
croscopic resnlts obtained 
from the treatment of the 
oxide and the hydroxide 
with' ^ ,the ^ test solution 
Adyoeated by White and 
1’%, Ye^ty ;th:^;ie; the ease. 

If we calenlate from the 
formula of the crystals it 
contain 
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of tins solution would contain only enongli water completely to iiydrate 
al)oiit O.G'l milligram of calcium oxide. This diU'ereiice i? appareiii in 
the inierophotograplis shown hy figures 2 and 3 and is also eyident from 
the data recorded in Table I. 

Table I. — The ejfcoi of icaier upon the length of calemm hjjcirofride^'phenol crystals 
formed on the mieroacopic slide. 


; XumljLT of; 
I drops of 
: water 

i added to ; 
I the anliv- i 
I drous 
phenol 
sohition. , 


f'ereoni- 
ag'e of 
water in 
the test 
solntion . 


Len?(th of crystals, in niil.i- 
incTer.<, prudneed in the 
thin sections uf slides. 


From calcium 
i hydroxide 
■ [Ca<OH)2]. 


From ealfiniii 
. oxide {Oao‘^. 


1 


\o cry.'ital,''. 

o.oT 

(U) ; 

0. or.-o. 12 

0. 01 0-0. 03 

1.0 ; 

0.40 ' 

0.00-0.12 : 

0. 015-0. 03 

-l.U 

1.00 

0.06-0.27 

0. Ola-0. 03 

7.0 . 

2. so ■ 

0. 27-0. 50-f 

0. O2.V0. 00 


» The anhydrous reagents were prevented from absorbing water from the air hy ringing 
the cover glass with Canada balsam. The same materials developed crystals in about 
fifteen minutes if the cover glass was not so inclosed. 

^ Trace absorbed from air. 

Table I shows that crystals from calcium oxiile do not grow in a motionless 
phenol solution containing less than 1.6 per cent of water, to a greater length 
than 0.03 millimeter. On the othor hand, the presence of a mere trace of that 
reagent was sufficient to cause them to grow from calcium hydroxide in lengths of 
from 0.06 to 0.12 millimeter. We have not been able under a tight cover-glass 
inclosed in balsam to produce crystals from calcium oxide longer than 0,270 
millimeter except by the use of phenol saturated with warm water. This same 
solution dissolves the crystals if the hydroxide is used; and water saturated with 
phenol dissolves those formed from both oxide and hydroxide. 

In solutions containing less than 1.5 per cent of water, the presence of a con- 
siderable amount of oxide tends slightly to reduce the length to which crystals 
produced from the hydroxide would otherwise grow. 

All of the crystals mtenniugle freely and retain their characteristic 
appearance, thus further praying that the final crystalline compounds 
obtained from- both the oxide and hydroxide are chemically identical. ' 

The difference in the size of the crystals which are formed in slightly 
hydrated solutions under the conditions imposed by the microscopic test, 
is due entirely to the fact that the oxide must hydrate before it is able to 
react with phenol and more water to dOTelop calcium hydroxide-phenol 
crystals. This tendency toward hydration is so great that phenolization 
oidy' ''beeurs' to-' a. -flight extent 'Until water in excess of one^hird of The, 
weight of the oxide is available. 

Th^e results make it highly prohabie that the long, radiating crystals 
which are shown in Whitens photomicrograph of a feiomereial cement, 

' ■ ; . I ' f ' ' , ^ "(figure 'ip,:;' ' ; , [j ; I j ' 
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were produced froni slaked iinie and not f]*om calcium oxide as lie stated. 
White emphasizes the time factor which enters into tlie reaction. The 
time required for the formation of these crystals depends primarily upon 
the amount of W'ater which is avaiiahle at all stages of their development. 
We found that on increasing the percentage of -water in the test solution, 
the crystals formed more and more quickly and fin all 9 drops of svater 
ill 30 cubic centimeters of the solution produced them almost immcrliatoly. 

Another habit of formation of calcium hydroxide plieiiol crystals 
remains to be considered. IWiite states that ^Hdie crystals formed from 
lime -wliich has been fused in the electric arc appear as plumes 

or feathery petals which in favorable eases give the group somewliat the 
appearance of a chrysanthemum.'' Howeveiy tlic development of plume- 
shaped groups of crystals does not necessarily indicate fused limed. 

Lime melts at an extremely high temperature ; so liigh^ in fact^, that 
Aihhiir L. Day and E. S. Shepherd found it impossible to make a, 
satis'lactory determination of its melting point. They state that Vlinie 
can be fused in the electric arc under favorable conditions.^^ We were 
unable to prepare Tiomogeneous, fused lime in the electric arc of the ap- 
paratus at our disposal, but the sintered mass wdiich we obtained produced 
pliune-like aggregates of crystals in abundance when treated witli AVliite's 
reagent. Similar forms were also secured by us from pure marble which 
had been heated in a porcelain crucible on the forge and from under- 
burned Portland cement clinker the Temperature of burning of which was 
known to be much too low to admit the possibility of the presence of fused 
lime. 

White also found plume-shaped crystals in Portland cement burned 
by E, D. Campbell at a temperature below 1,500 degrees. 

We ai“e inclined to question the presence of fused, free lime even in well- 
burned Portland cement clinker. The highest temperature of burning 
is seldom above 1,700 <iegrees and in llie rolaiy |>roi.*(^ss especially, it is 
not probable that the free lime would absorb enough heat units in a 
sufficiently short time to cause'' it to melt, except perhaps at local, very 
•iHinute points, if the effect were similar to that found in the mantle of a 
Welsbach burner. 

However, since it has been found impossible to produce plume-shaped 
crystals .from lime which has only been heated in the ordinary blast lamp, 
it is evident that it must at least be sintered before the habit of the 
crystals, under consideration can be observed after' the addition of phenol 
md; wafe. ' 'A ’ ' 

The reason for the formatiou .of crystals in plumersliaped aggregates 
becomes evident by a study of the method of their formation, 

y\': y . ';'h 'A' ''''' 
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Tiie plumes are composed of a more oi* less compact mass of line, sleirler 
crystals, each individual of wliieii is similar in size and appearance tu 
developed from fine particles of nonsintered calcium oxide. Tliev develop from 
certain points on the surfaces of particles of considerable size wliicli form their 
nuclei and may be desintegrated and their component parts made more apparent 
by moving the cover gdass after they have formed. The first needles forniefl are 
pushed out into the surrounding liquid by those which follow. The cover 
forces the liberated crystals to spread in the uirceiion of least resistance and in 
so doing they cluster into flat groups. The fine, slender crystals which eoiiipose 
these aggregates give to them their characteristic feathery appearance. 

There appear to be points or sjiots on the surfaces of sintered or fused 
particles of lime which are most easily attacked by the test solution. tTe 
can assume that a fracture, abrasion, or point less heated than others would 
more easily be hydrated than smoother surfaces, and that sueli places would be 
the first to be attacked by tbe water in the test solution. The hvdratiun of 
the lime causes it to swell and to push the crystals into the surrounding liquitl. 



CalciniB hydroxide when it is formed by small quantities or water 
acting on sintered particles of lime is crystalline and can be seen in 
polarized light through crossed nicols, the whole cluster thus becoming 
visible. The crystals on tlie outer edges are acted upon ])y plienol more 
rapidly than the 
others and thus 
feathery fringes^ 
which are character- 
istic of the plumes, 
are formed. This is 
shown by the follow- 
ing experiment: 

Lime which had been 
heated in the electric 
arc was allowed to react 
with a slight excess of 
^vater, thinly spimd over 
the surface of a micro- 
scopio slide. This slide 
was dried in a desie- 
chtor withoiit exposure 
to carbon dioxide and 
then carefully covered 
with nitrobenzol and a 

cover '^lass. It was — Crystalline calcium bydroxide obtained from .sintered 

then examined, in po- , 

Iari2»d light through 

crossed nicois.' The iresult is shown by figure 4, which is a photomicragraph of the 
crystals formed in this manner. The 'skeleton outline of plume-Iike forms, which 
subsequently become so plain 'after adding phenol and water, can readily be seen. 


’iVsed lime will act in' a .manner similar to the sinteed hocly, 
diferenee that the' crystals would develop' much 'more slowly. ' ^ Thei'efore 
'the appearance of plume-lihe crystals is a’: positive' indication of rather. 
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coarse particles of iiiiie AvliieiL have been ealciiicil at a higli enough 
teriiperatiire to cause at least tlie sintering of their surfaces. 

So ninch for the appearance and methods of producing the ciystals 
of calciiiiii liyclroxicle-piienol as they are foj'inecl with lime only. Those 
secured hy Treating Portland cement are similar to the crystals formed 
eithei' ficjiu pure calcium oxide or In'droxide. 

Uiiderbiiniecl, iioiiseasoned commercial cement (linkei'S. pnlvci'iz('<l and witli oi* 
mthoiit tlie addition of plaster, develop crystals with the lest solution which 
are identical in appearance with those which w<‘ have obtained from calcium 
oxide. Figures 5 and C are pljotoniicrograplis obtained respectively, from pure 
ealeiiim oxide and from nonsintered lime from Portland cement and figures 
7 and from lime heated in the electric arc and sintered lime in cement, A 
eong^arisoii will make tlie fact clear. 



Pig. 5.-~"Cliaracteristic crystals obtained by Fio. G. — Characteristic crystals obtained by 
the microscopic test from cal- , the microscopic test from non- 

cium oxide ignited at a red heat. sintered lime in Portland ccmorit. 



Pia 7.— Cbaracteristic plume-like forma- Fte. 8.— ^Obaracteriatic plume-lik© forma- 
tipBa of crystals obtained from tions of crystals obtained from 

V ,,sinter<sd, lime. ■ ^ ■ sintered lime in Portland oement. 
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The same cements shown by figures 6 and S. when seasoned in moist 
air give crystals (see figure 9) which correspond exactly to those secured 
with calcium Imdr oxide (see figure 2). 

All increase in the percentage of water in the test solution, also has 
the effect of producing crystals similar to those shown in the last fiaure. 



Fici. 9. — Cliaracteristic crystals obtained from slaked lime 
in Portland cement. 


It inig’iiT. be rag tied that 
ill cement, certaiii silicates 
or alumina tes oi calcium 
might be decomposed bv the 
test solution to give crystals 
idcuitical Vvill; ti;ose pru- 
dueed from free lime. Apart 
from the fact tliut siicli a 
discussion Vvoiild be purely 
academic, were crjirq-ioimds to 
exist so easily decoiuposed 
by phenol, yet it may be 
stated that perfectly sinter- 
ed, aerated aufi noiiaerated 
clinkers, ground tr. pass a 
200-mesh sieve, fail to give 
tVhiie’s reaction ; so that it 
appears not to be character- 
istic of lime vdiieh has 
entered into combination at 
liigher temperatures with 
other substances in cement. 


Therefore, T^Tiite^s test otfei*s a positive means for the identification of 
sintered; nonsintered and hydrated free lime in such materials as Port- 
land cement; liOTrever, only an experienced operator who thoroughly 
understands the conditions of the reaction in which three different 
characteristic habits of the same crystal can be produced under given 
circumstances can do this successfully. 

It is often extremely, difliculh if not impossible, to estimate accurately 
the relative quantities of the different kinds of free lime which are 
present, but the conclusions to be drawn can often be rendered more 
certain by examining several slides in test solutions containing different 
percentages of water. A study of the material retained on sieves of 
different sizes may also give valuable information. The test solution is 
hygroscopic and must be protected from moisture. 

APPLICATIONS OF THE TEST FOR FREE LIME. 

It has been stated that ^"^eement which comes from the kiln; containing 
more than trace of free lime^ wiB not pass the boiling test until the 
free lime has been removed.'^ However^ in spite of the fact that all of 
the cements recorded in Table A were perfectly sound, they each showed 
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3 So 

more tiiaii a trace of free lime wiieu the test was made. Short and long 
iieedle-iike crystals appeared in all the slides^ and ])lmnes in many. 
C’emeiits Arliicii disintegrate were also carefully examined for comparative 
purposes. Tliey gave a relatively greater number ot CJTstals tlnui tln^ 
majority of the sound commercial cements, bnt tlie distinction is not 
absolute, because the cements marked ‘"’Ov" 'tJd’ and ''Md' wliich 

Ijelong to the class, contained enough free lime to renclci* tliem indis- 
tingiiishable from nnsoimd cements. 

"\Te prep>ared and sealed in test tubes duplicate samples of eiglit 'com- 
iiierciai cements and four groniid hy ns from the clinker. One set was 
reserved for future reference and the other sent to AUred 0. White, who 
also identified free lime in all of them and classified six as '^poor'^ and 
two as ^"passable.*' He failed to detect a sound and unsound cement of 
the same brand, classifying them both as ‘^poor.’^ (See Table AHII.) 

One of us, while at a large inanufactiiring plant, examined cements 
wliieii could even withstand tlie severe Faija boiling test and these also 
frequeTitly gave an abundance of needles and plume-like crystals wdien 
tliey were subjeeted to microscopic study. 

The limitations of the test for soundness as an indicator of proper 
burning were made manifest in the previous publication-’^ from this 
laboratory. To Judge by the results given above,, it is evident that lime 
may exist in considerable quantity in some sound Portland cements. 
Therefore we endeavored to ascertain to what extent the soundness and 
other properties of Portland cement were affected by varioiis amounts of 
free lime under different conditions of burning, grinding, and seasoning. 

The following Hint of observations (Table II), showing the effect of the tem- 
perature of burning upon the habit of the crystals of calcium hydroxide-phenol, 
were made possible by an accident to the gearing of a 28.5 meter rotary kiln 
VE-hieh enabled one of us to inspect its interior and to collect samples of nuiterial 
throughout its length. These samples were immediately sealed and at a later 
time examined by means of the phenol test. The shortness of the clinkering 
zone of this kiln is characteristic of the rotary process. It began at about 5 
meters and ended at about 1 .5 meters from the hot end of the furnace. 

This Jatirnalf A (1908), 3, ISf-'lSo. 
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II . — The effects of increasing icrnijerainrc on rau: rnateriai 
process -icith Viinesionc and clmn. . 


' Iiot end of 
fnrnnce 
;}t which 
sample 
was taken. 


Cctlov of 
material. 


PhT=;ioai 

eondiiio:: 


Pinkish-.j^ra,y , 

Pink color fine to ; 
the presence of | 
free ironoxide. i 

Light yellow ' 

Change in color j 
dne to le.^s free l 
iron-oxide and ' 
to the forma- 
tion of a green- j 
ish-hrown snh- ; 
stance. | 

: Ligiit to dark | 
brown. Spot- i 
ted with white ; 


Brown to black, j 
.Spotted w'ith 
white specks, ! 


Steel-gray to 
black with 
white specks. 


Steel-gray and. 
still slightly 
.spotted with 
w'hite specks. 


Not sintered. .\s No crystals developed within 2 hnnrs, 
fine as the raw" The niafenul contain*: nr* faiicined 
meah limestone 

Slightly sintered ' In /i minnte.s the slide showed a iiia.s.s 
and g T i 1 1 y. of radiating cl listers and .*:ingle short 
White particles needles. A few plumes als<' appeared, 
and a few, Tlie material contains a considerable 
.small porous amount of calcined limestone in the 

I lumps (pea i form of free, nonsintered lime. A 

: size). I little free lime has sintered. 


Slightly sintered ; 
into small, soft, | 
porou.s lumps. 


Brittle but por- 
ou.s and soft. 
Easy to grind. 
Sintered into 
large and small 
lumps. 

Very brittle but 
.still porou.s. 
Hard to grind. 
Large and 
small lumps. 
Bounded lumps. 
Well sintered, 
dense andhard- 
Very hard to 
grind. 


An almo.st immediate and abundant 
formation of plumes and some clus- 
ters of short radiating needle.s ap- 
peared. 3Iost of the free lime has 
become sintered. 

An almost immediate formation of 
plumes in great numbers, no radiat- 
ing nor separate needles. All of the 
free lime is sintered. 


Plumes in abundance but not a.« many 
as sample No. 15. The percentage 
of free lime ha.s decreased. 


Fair amount of plumes. Some single 
clinkers gave a negative test for free 
lime. The material contain, s only a 
small amount of free lime. 
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Samples of well-burned and nnderbnrned station aiy kiln clinker fresh 
from the kilns^ were also collected and then subjected to the examination 
recorded in Table III. 


Table III. — Effects of different temperatures of burning on raw-material {staiion- 
arg Min process with limestone and clay ) . 


1 Brand 


' Fineness 
through — 

i 

; Microscopic test (duplicate 

Soundness 

1 ment. 


200 

i mesh. 

100 

mesh. 

i specimeu,s). 

( 5 -hour 
steam test). 

0 

} 

f 

Well-burned clink- 
er. 

: m. B 

1 

100 

: An almost immediate forma- 
, tion of plumes and feathery 
rosettes. No needles until 

1 after 10 m unites, w'hen a few 
formed. 

slightly disinte- 
grated, 

i 

1 ° 

* IT n d e r b 11 r n e d 
clinker. 

1 so. 4 

100 

' Mass of radiating clusters and 
; single needles and plumes. 

Slightly disinte- j 
grated. 

; 0 

) 

( 

Selected, tlioroiigh- 
I7 fused clinker 
wMeh showed no 
w'iiite specks 
! when fractured. 

83 . S 

09. 6 

1 .No crystals in 1 hour 

Perfectly sound. 

i u 

1 Well-burned clink- 
er. 

9 S .6 

100 

1 Analmostimmediate formation 
of plumes. 

Not disintegrat- 
ed but scales 
on bottom sur- 
face, and off of 
the plate. 

1 i 

1 

Underburned 

clinker. 

90.8 

100 

A mass of radiating clusters and 

1 single needles and plumes. 

Completely dis- 
integrated 
and badly 
swollen. 

‘ i: ' ' h 

i, . ; 

i " 1 '' . 

'f'" 

Selected, thorough- 
ly fused clinker 
i^owing homoge- 
neous composi- 
tion and no whit© 

100 ' j 

' , ' / :i 

' ' ■' ' ' i 

100 

' 'i 

■''.f;,,,, '■■'1 

No crystals in J hour 

1 '■ 

1 ' i 

, Perfectly sound. 

1 

i 

1 , ■ , 






mmdi 


show that' in the manufacture 
Mature increased the nonsintered 
mie the wintered material, having 
might be expected j 
far helcw those necessary 
clJhter. 'therefore, under- 
nwrate^bd Hme, hut the 
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presence of the latter in iinadiilterated Portland eenieiit is a positive 
proof of imclerbiirniiig. 

Pree, sintered lime may exist in dense, tliorongbh' eliiikered cement 
material if tlie conditions essential for tielding a completely liomogeneoiis 
product^ sneli as lineness, duration of exposure to high temperature,, 
proper chemical composition, etc., have not Iteen complied ivitli. On 
the other hand; Portland cement clinker may be burned perfectly so as 
neither to contain free linn.* nor liave lime liljerated in tlie ordinari' process 
of cooling and grinding. 

The data recorded in Tables IT, T, and TI shotr the effects of the 
atmospliere on sintered, nonsintered and slaked lime in Porlland cement 
under different conditions of aeration. 

Conditions of the cxperifnent recorded in Tuhlc IV . — Five jirnois of tlie cemeiifc 
(Brand 0, Table III) ■wliicli for the greater part gave plumes on microscopic 
examination, were exposed to the atmosphere in a 5-iinlliineter test tube. At 
regularly increasing intervals of from rliirty minutes to one day, the test tiibe 
was eorkedj its contents thoroughly shaken, and a test made from the re:?ulting 
mixture. 


Table IV . — Mieroscopic tests of an aerating cement containing mwomlined 

sintered lime. 


Sam- 

ple 

num- 

ber. 

Time. j 

Microscopic 'duplicate samples). 

a 

Not aeraterl i 

i 

An almost immediate formation of plumes, some of which w'ore 
fuilj’ <Ieveloped in a few minutes. Others developed more slowly, 
requiring as long as 15 or 20 minutes to com^dete the reaction. 

At first no individual needles appeared, but after 10 minutes a i 
few short radiating clusters were discovered. 

4^ 

Aerated 2 hours 

Similar to the above, except that a careful' comparison of many 
samples indicated the presence of long needles. 

1 7 

1 

! i 

h I 

Aerated S , hours 

Many plumes develop almost immediately. In some instances their 
edges were first surrounded, with rather long radiating needles. 

: These were soon pushed aside and so formed an outer smooth edge 
to the plumes which could not be distinguished from the rest of the 
crystalline formation, These'slides .show a marked in crease In the 
relative amount of needles, most of which radiate from central 
■ nuclei in the formof rernttm. 

11, 

Aerated 32' 

A mass of rosettes and 'clustera, formed of long, needle-shaped erys- 
' tals is shown,. A' few,, part fetither a.rid'.i»rfc needle rosettes are 
; formed.. . ' ' , 

15 

Aerated SO hoinra... 

No.' plumes nor feathery .crystals appear. "Thc^ slide show's cltistem 


1 • ' 

. of long needles’ and rosettes in abupwinoe-, 

21 

j Aiirated 272 hours— 

, NoxrysWs' whatever, appear within 1, hour,'' . . , ./ 


9^667 -2 
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The intermediate stages in the process of hydration can fairly well be 
traced without illustrations by the data recorded in Table IV. These 
inclnde the mixed formation of long crystals on tlie edges of the plumes, 
and the production partly of needles and partly of feathery rosettes, 
which show that sintered lime may hydrate so slowly by mere exposure 
to the atmosphere that the action takes place essentially on the outer, 
exposed parts of the particles and only gradually penetrates into their 
interior. 

The negative test for free lime at the close of the series recorded in 
Table lY is due to the final,, complete conversion of at least the surfaces 
of tlie hydrated lime into carbonate. ■ 

Conditions of the experiment recorded in Table T. — Wei I -burned and under- 
burned nonaerated Portland cements were used in tliis experiment. Each was 
spread in a layex- about 1 millimeter thielv on the bottom of a crystallizing disli 
and exposed to tTie air. 

Table V. — Comparative microscopic tests of two cements containing free lime 
aerated in tJiin layers. 


Time. 


Microscopic test (duplicate samples). 


Well-bumed clinker (Brand O, 
Table ill). 


Underburned clinker (Brand O, 
Table III). 


~r 


Not aerated 


Aerated 1 day: slightly 
caked. 


I 


An almost Immediate formation 
of plumes. A few radiating 
clusters of needles after 10 
minutes. 

Ko needles formed in 20 minutes. 
After 30 minutes many plumes. 
No needles except on the 
edges of some of these. 

I No needles formed in 30 minutes. 

1 In 1 hour several plumes and 
j feathery rosettes had appeared , 
but no needles. 

1 No crystals in 30 minutes. In 1 
I hour only 10 feathery rosettes 
I and 2 plumes appeared in 
] '2 specimens. 

Aerated 7 days ' j No crystals in SO niinutes. In 1 

j hour only 2 plumedike aggre- 
, , I , gates could’ be 'found. 

AtTOted S days — — j No crystals of any kind appeared 

; in l| hours. 


Athated 2 days , 


Aerated 5 days . 


In 5 minutes a mass of rosettes, 
clusters and needles, some 
plumes. 

Ill 10 minutes no crystals. In 20 
minutes many rosettes of 
needles and some plumes. In 
1 hour about the same. 

In 20 minutes no crystals. In 
1 hour plumes and feathery 
rosettes but no single needles. 

Ill SO minutes no crystals. In 
1 hour a few feathery rosettes 
and plumes. 

In 1 hour ' no crystals had 
formed. 

No crystals of any kind 
*ed in, M hours. , . ' 


^ V'l?he„r^plts ^iven in Tabk" V d'ifier very much from these’, of, Table IVv 
Tt;iipBst-;bb toderstoofi; that, the, peaefe^ of air mto a mass of ground 

'oemejDtt approximaMy to a./tbin^ppter layer. Tables X 

, aad XI.) Almost every particle of ■the cement ref^ed to, m Table V 
tra4 fully exposed to the atmospbiere at all times^ wWie Ibe material 
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proTidiiig data for Table lY was arranged so that only an upper layer 
was fully exposed at any given time. 

The absence of individual needles and the presence of aggi*egates form- 
ing pinnies at times during the course of aeration supports AYliitefs state- 
ment that ‘^experiment on the aeration ot cement in tliiii hryors in the 
laboratory indicate that the conversion into carbonate goes practically 
as fast as hydration.'"’ It will be noted that as the lengtli of tiie time 
of aeration increasecl. that necessary for the fonnation of calcium hy- 
droxide-phenol crystals also increased. Since sintered ealeinm oxide 
may Imlrate very slowly and since the slaked lime changes to carbonate 
very rapidhy it seems reasonable to suppose that particles of sintered 
lime gradually became coated with a film of cafeinm carbonate which 
prevented the immediate action of the testing solution. It also is very 
probable that this outer coating of carbonate might become so dense as 
finally to prevent hydration and combination with phenol iti the inner 
portions of the particles. The work recorded in Table YI was tlierefore 
undertaken to ascertain if this concixision is coiTect. 

Conditions of the eaiperiment recorded in Table TL — ‘The cements recorded 
in Table which had been aerated until no crystals could be formed on the 
microscope slide, were each regronnd in an agate mortar and again subjected to 
the test for free lime. 


Tablb VI. — Microscopic tests of reground, aerated cements. 


Description of Port- 
land cement. 


Microscopic test (duplicate samples). 


Wen-burned clinker 
aerated 8' days 
(Brand O, Table 
HI). 

The same regronnd *. 


CTnderbtumed cHnk- 
'' - eit alrated 8 days 
VBmiid' 0, 'Table 

:;AV)., ’ ' ' ' / ; ' 

,, fSe'sawe're^onnd-. j 


No crystals formed in 1 honr- 


An almost immediate formation of crystals. In 5 min- 
utes the slide presented ,a network of el usters, long and 
short, single and radiating needles and of plumes. 
Noi crystals' formed in 1 hour 


indications of plumes in j2 minutes. In 5 minutes the 
slide presented a network of long and short needles 
and well-formed plumes, This underburned cement 
, shows a greater quantity of plumes and needles than 
the reetou®^, material. 


■ . tltes© % 


Soundness 
(5-hour steam 
test). 


Sound. 


1 ) 0 . 


Do. 


Slightly di.s- 
integrated. 



jfim© may contimie to be 
y aerated,; finely ground 

calcium^ hy- ^ 



V 4 . .■ .ahi , ’ i’l Y h ' 
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Selected. tlioronglilY sintered, unaerated cement clinkers s Brands 0 
and L, Table III), wliiclt gave a negative test for free lime, mere ti’eared 
in a manlier similar to that recorded in Tables IV_. T. and A^T. In no 
case could free lime be detected. 

Conditions of the ejcperimoit recorded in Tuhle Til . — We liove endeavored 
to establish a definite relationship between tlie microscopic evidence of tlie 
presence of free lime and the plivsieal condition of tlie eeroent as evidenced bv 
the tests for soundness. Aeration tends to remove iinsomiiliiess and a. siniulta- 
iieoTis study of the influence of the air upon the free lime and upon tlie soundness 
of the cement was resorted to in an effort to compile concliisiiv data. The cement 
used for this experiment was prepared by grinding about 10 kilograms each of 
so-called '‘‘•good'’ and ‘‘bad'^ clinker in a bali-mili, until no residue was left 
on a 100-mesh sieve. The cement was somewhat exposed during the process of 
grinding. Two per cent of plaster of Paris had been added to the clinker. 
The cement was aerated in SOO-cubic centimeter wide-mouthed bottles. Each 
bottle contained 110 grams of cement which was mixed thoroughly each day. 
Table VII records the results. (See pp. 3SS, 3S9.) 

That the effects of free lime upon soundness are inflneneed bv the 
cohesive properties of the cement becomes apparent from the results 
recorded in Table A^II ; and it is evident that the cause of iinsoundness 
was more difficult to eliminate from the underburned material than from 
that which was well burned. The microscopic examination of the cements 
which had been aerated during two days, failed to show the differences 
which should have appeared if the physical tests alone were taken into 
consideration. We attribute the discrepancy to the presence of more and 
stronger eeinentive material in the better burned product;, our universal 
experience being that underburned cements at any stage of aeration or 
seasoning do not develop the high earh’ strength cliaracteristic of well- 
burned Portland cement. 

These experiments ah indicate that the usual cause of unsoundness in 
cements is unslaked free linie^ and that commercial Portland cements 
may develop perfect soundness and still contain a considerable quantity 
of free lime. The limitations of the soundness test as a test for free 
lime or for underbuming are self-evident, but AVhite^s test is absolute. 

These results as well as many others which we have obtained' also seem 
to prove that from the microscopic evidence alone the behavior of all 
cements when subjected to the soundness test can not be predicted. It 
is doubtful, if we consider the character of the physical test, if even a 
quantitative measurement of sintered, nonsintered, and slaked lime 
would prove entirely satisfactory in this respect. Unsoimdness in Port- 
land cement becomes manifest to the eye only when the force or forces 
which operate to, cause disruption are Buf^eimtiy , great .to overcome 'the 
cohesion between particles. Therefore,: the development of 
forces, the "speed'^ of slaking/' ffneness, -tte temperatee'nnd^' amo-unt'' of 
water used'M gauging, and fro of 'impurities and^retardei^, wmt 
all 'he' taken Tnto consideralion'; and oonaacinently the 






Microscopie test (duplicate samples). 



Most of the rosettes are long. 
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as indicating the pj-esence ot »l'ree lime is relatively crude as compared 
with the microscopic study of calcium liydroxide-piienol crystals. 

The following considerations will give a clearej* understanding of the 
effect of free lime upon the soundness of cements. 

Slaked lime has little or no effect upon soundness. As niiicli as 50 
per cent can be added to some cements ivitliout causing them fo cheeiv 
or disintegrate. 

The speed of slaking is increased by the fineness of grinding. Tlie 
experienced operator in preparing the microscopic slides for the tests for 
free lime can obtain a very good conception of the fineness of the material 
during the process, hecause a microscopic measurement of the sizes oC 
the particles gives definite information in this respect. 

iSTonsintered lime slakes in an excess of water at a low temperature. 
The lime "will obviously have no eft’eet pc/- sc on the soundness^ pro- 
vided it slakes during the mixing with water, or before setting has 
begiuL. Portland cement manipulations can not guarantee an excess of 
water, or the time necessary for the complete slaking of nonsintered lime 
before setting has developed. If the operation is conducted under the 
American Society methods of testing, then a considerable proportion of 
nonsintered lime will have had ample opportunity to slake in a ‘‘^normal 
consistency^'' mixture. Therefore, nonsintered lime must ordinarily liave 
been present in considerable quantity to cause disruption in cements so 
tested. On the other hand, nonsintered lime is not present in well-burned 
cement. Its presence is a positive evidence of underburned, mixed, or 
adulterated material and therefore the soundness of cements containing 
a considerable quantity of nonsintered lime is very uncertain, as we 
can not rely upon the early development of strong cohesive properties to 
offset any force or forces which may operate to caiise disruption, 

/‘^Fused lime slakes very slowly in cold water. Hot water slakes it 
more rapidly.’^ As the degree of incipient fusion approaches that of 
perfect fusion the lime will become more and more inactive in cold water. 
Therefore, some cements have remained sound in cold water even for 
months, and yet disintegrated when .placed afterwards in boiling water, 
the disrupting force of expansion developing so slowly in the cold that 
the growing forces of cohesion keep ahead of it. 

Sfofered: lime, may exist both in under- ,and well-burned' cement, but 
the fefered^'hme in hard^b'amed' eeraants probably ’ slakes less, readily at 
normal temperatures. 

Experiments in this laboratory indicate that certain cements so 




PROPERTIES OP PORTLAND CEMENT. 




test and yet develop iiiisoimdiiess if the set is yiiit/keiied by the :;se oi 
more or less plaster; so imicii sintered lime remaining nii.-lakHu in the 
quick-setting cement as to cause nnsoimdness in the accelerated test. 
For the same reason plastered, nonseasoned cements have been en- 
countered tvliieh have developed unsoimdness in the steam test, hut which 
remained sound when no plaster had been added.-" 

These facts will more fully be discussed in another part of this paper. 
We mention them here in order to emphasize the limitations of the 
soundness test as a test for free lime. 

However, taking all factors into consideration it seems as if the follow- 
ing conclusions would enable ns more accurately to interpret the relation- 
ship between free lime and soundness.-® 

1. Slaked lime will not cause nnsoundness in the soundness test. 

2. Honsintered lime must be present in quantity to cause nnsoundness: 
and if it is so present, the disruption is likely to occur in water and air. 
as well as in the steam pats. 

3. If both sintered and nonsintered lime are present, the pat may be 
sound in air and in water, but it is very liable to disintegrate during the 
hot tests. 

d. Fused or sintered lime, in the absence of non-sintered lime, in- 
dicates a hard-burned cement which in all probability contains an 
abundance of material having strong cohesive properties. The effect of 
such lime upon the soundness is therefore a quantitative consideration. 
Sintered lime, unless present in large amounts, will not cause disrup- 
tion in air and water pats, but even a fair amount is liable to cause 
unsoundness in accelerated tests. The effect of a small amount is not 
liable to become apparent to the eye. 

5. Fineness assists the soundness. 

Gonditiofis of the experiment recorded m Table VIII . — These conclusions were 
applied to the microscopic examination of the duplicate samples of the twelve 
cements sent to Professor White. The source of each samples was first disguised 
from the operator in order to eradicate any knowledge of the physical properties of 
the cements until after the predictions from the microscopic examinations had 
been made. Table VIII includes Professor White’s diagnosis of these cements, as 
well as our microscopic and sieve tests of fineness, 

” It is known that manufacturers sometimes test the soundness of their cement 
before the plaster has been added and that this practice has caused the shipment 
of unsound material. 

Table VI records phenomena which under certain conditions may impose 
even greater limitations to these interpretations. It imposes & condition, however, 
which is almost negligible in practical cement manufacture, namely; the aSration 
of ground cenmnt in very thin layers. In commetcial cements the ‘ percentage 
of free lime which will not react with the test solution of a c<»ting 

of carbonate, is usually insignificant. .k; 'kk 
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T ABLE VIII. — t^oundn ess 


Fineness. 


Nature of 
sample. 


Micro- 

scopic. 


1 ! I) 


Average sample Medium i 80. 2 


taken from 1 
barrta of e e - 
ment. 


i O aj 

III 

j 

it 

Clas.sifi- 
! cation 
by 

White. 

1 



! ^ S 1 

! 

gs 


i 80.2 ; 

94. 8 ! 

Poor__! 


eopic t!.xaininati(jn ((Inplieatc 
iples, Burciiu.of Science). 


-do . 


-do 1 77.4 . 93.0 do- 


H ! do ; Fine 


88.4 


97.2 j Pass- 
i able, i 


! 


Average mixture I do. ! 89.0 ; 99.0 L 

of many sam- i ! i ^ 

pies taken from j 
different bar- j 
• rels. (A quick- ( 
setting cement.) i 

Average sample Medium 1 79.8 i 
taken from 1 


-do_.,i 


Poor.- 


sa m I 


An almost immediate formation of 
! a mass of long noodles (single, 
cl asters, and rosettes). Little 
, additional formation after 5 min- 
' utes. No plumes appear in J 
; liour. 

j An almost immediate formation of 
I many rosettes of needJes. Little 
I change niter r'S m i n u t e s . No 
i plumes appear in .1 hour, 
j A fair amount of well-defined long 
I needles and reset tes. Little 
changes after o minutes. One 
feathery crystal appears in 1 hour. 

A few defined rosettes and short 
and long needles. No plumes or 
feathers in l hour. Short, 
stubby rosettes of needles develop 
after 5 minutes. Slides show very 
little free lime. 

An almost immediate formation of 
a mass of well-defined long and 
short rosettes of needles. Needles 
continued to grow in Tmml)er until 
slide presents almost a white ap- 
pearance. No pinnies in 1 hour. 
Long needle and somewhat feathery 
short needles. Little change after 
f) minutes. No plumes in X hour. 

Long needles and somewhat feath- 
ery short rosettes of needles. A 
'greater quantity after 15 minutes. 
Two plumes form in 1 hour. 



A great mass of rosettes of needles 
(more than any of the above) and 
^ort^ No plumes. 
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versus free lime. 


Interpretation of microscopic tc=:t. : Resnir of tests. 


i Condition and amount 
' of free lime. 


Soundness. 




' In steam. 

; In air. 

In water. 

; In steam. 

In air, 'in waiei 

j ^ . 

I No sintered lime. Lit- 
i tieif any nonsintered 
lime. Slaked lime 

Sound 

; Sound 

Soumi 

' Sound , 

Sound ' SouTifl. 


in abimdanee. (A ; ' ; ' 

well-seasoned <;e- ■ : i 

ment.) i | ; ; i 

Very little, if any, sin- J dO- do ! do do do ! D'«. 

tered lime. A little ; ; i ' ; i 

slaked lime. A well- ; j ; i - i 

seasoned cement. ! i : ‘ ! 

Very little sintered ' do j do ! do ; do i do i Do. 

lime. Fair amount ! • ‘ : I 


I of slaked lime. (A • 

^ well-.seasoned liard- , 

I burned, cement. ) * 


No sintered lime. 

do 

do- 

— do 

dn 


Do. 

Slaked lime and a 
little nonsintered 
lime. 







No" sintered lime. 

U n c e r- 

Probably 

Probably 

Oil plates, 

do 

Do. 

Nonsint ereci and 
slaked lime in abun- 
dance. (An under- 
burned cement fairly 
well seasoned.) 

tain. 

sound. 

sound. 

but sound. 



A little sintered lime. 

Sound 

Sound 

Sound — — 

Sound 

Sound 

Sound. 

Slaked lime. (A fair- 
ly -well-seaRoned ce- 
ment.) 







A small amount of 

do 

do 

do 4 

do— 


Do. 

sintered lime. A lit- 
tle nonsintered 'lime. | 
Slaked lime in abtin- 
dance. (Fairlywell- 
■seasoned nnder- 
iMirped oement) 


1 

[ 


i ' 

i 

) 


HO sin'tered lime. ' A 

D n e e r- 

1 U n c e r- 

U n c e r- 

Badly d is- i 

! Sound off 

Sound off 

1 a r § e amount '■ of 

tain. 

tain. 

tain. 

integmt- i 

plate. 

plate. 

and ,nonSin-' 


i 

1 


ed. , ^ ' 

1 ' ' 


ly ■ ^ ^eSiSoned , toder- 
'buxndd'c«i*ebt.)' ' 








Probably , 

' Probably, 

Probably , 


— J-dd 


of sintered lime and 

sound. 

sound. 

sounds' 

disSnte- 



flaked lime.j (A 
seasoned, 

. tWl-bwiedoOment) 

1 , 
i 



grated. 
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Table Till. — ^S'o im dncss 



Fineness. 


Nature oi’ 
sample. 


Micro- 

scopic. 


Fine , 81,6 ; 99,0 Bad . 


Same a.s above 
exposed to 
aeraiion in pan 
30 days witli 
daily remixinsr. 

Rotary clinker 
aerated in lab- ! 
o r a t o r y 3 i 
months and ' 
then ground in ’ 
ball mill. ! 

Same as No. 10 | Coarse., | 75.8 
except that 1.5 ' j 

per cent plaster ' ; 

was mixed : 

with the un- i ; 

aerated cement. | I 


O ^ .Classiti-; ' 

S > I cation j Microscopic e.xHiniiuition (duplicut 

; by ; samples. Bureau of S<'ien(‘e). 

* i White, I 


1 


Coarse__i 75.3 | 90.1 ' Sound.* 5 minutes, 15 minutes, 1 hour. No 
I ' I crystals. 


A fair amount of long rosettes oi 
needles somewhat feathery. No 
increase after 5 minutes. One 
feathery petal in 1 hour. 


90. 1 ! Sound.; No plumes and only a few rosettes 
of needles. 


It will be seen that the agreement between the microscopic evidence 
and results of the physical test is closer than was to be < ixpected. 
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ffi'tj It, lit' — CuntiniitMl. 


Interpretation of micr«Jseox>ie test. 


Result Til ''^oiinaiiC'.'^ 


somu'lness'. 


Condition and amount . : 

of free lime. I ■ ; 

In steam. ' In air. ' In water. • 


! Xo free lime Sound ' Sound NSound , .Sound Sound Souind. 


1 A little sintered lime ; do -do j- 

and a little slaked - i 

1 i m e . t A e 1 1 - - 

luirned or n well- | | 

1 seasoned cement. 'I ‘ ■ ! 

i Only a trace of slaked : du ; do 

I lime. (A rery well- : 

I burned or a very ! 

1 well-seasoned i*e - ’ 

ment) ' 


do Small radi- ’ do 

al cracks. 

Hard, blit 
warped 
:;y inch. 

do Sound do 



Do. 
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Part II. 

THE SEASONING OF PORTLAND CEMENT. 


The practice of exposing unsound Portland cements to tfie atmosphere 
until they became sound dates back to the beginning of their maniifaeture. 
Although certain producers in Europe grind their cement in the presence 
of live steam and others weather their clinker in the opeii; unprotected 
from the sun and rain, the majority of cements still are seasoned under 
cover aerating the clinker or the ground material in storage bins. 

i^Iueh has been written on the subject of aeration^^^ but the various 
conclusions which have been drawn to explain results so diversihed have 
tended rather to promote confusion than eertaint]^. 

Seasoning improves the soundness of unsound cements and therefore 
an almost universal belief seems to exist that seasoning improves all 
Portland cements. 


Important concrete specifications fi'equently demand a well-seasoned cement. 
For instancej the rigid concrete specifications for the Galveston causeway 
require that “all cement must have been seasoned, or subjected to aeration for at 
least thirty days, previous to leaving the mill.” 

On the other hand, W. Lawrence Gadd recently conducted e.vperiments from 
which he concluded that “Portland cement made from rotaiy cement kiln clinker 
does not improve on aeration, but on the contrary-' becomes more expansive.” 

This contradiction alone should convince the consumer that if he places an 
age limit on Portland cement, his reason for so doing should be based upon 
something more tangible than the simple belief that age improves it. 

Although it now generally is conceded that Portland cement properly made 
should stand all standard tests without seasoning as soon as it has lost the heat 
it receives in grinding, some writers, such as R. 3T. Meade, believe that the engineer 
need not “concern himself whether the manufacturer prefers to make cement which 
is sound when fresh, or whether he prefers to age it sound in his stockhouse. 
Cement which has seasoned sound is just as good as one which was sound when 
freshly made.” 


The effects of aeration on commercial cements were discussed in a 

preTfioTts paper from this laboratory and it was shown that the changes 
prodnced hy aeration, were often sufficient so to alter the tests as to give 
imsatiSfactory instead of satiafactory results. It also developed that ad- 
ditional seasoning would often cause some normal cements to become 
quick setting and othere to become more susceptible to change in setting 
time at different temperatures, and that the strength of all perfectly 

(1891); Spalding, 
^ 80; Taylor & Tbowpson, 

62 j., M«de, Ridiard K., 
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soimcl cements was lowererl by additional seasoning. These changes were 
attributed to the slaking of lime and subsequent reaction witli carbon 
dioxide^ the lime thereby being rendered an inert subsianee. Ir was 
pointed out that only those cements which contained an excess oi lime, 
or which tvere improperly burned, were improTed by seasoning. Because 
of these and other considerations the belief was expressed that iiiiderburri- 
ing is fatal to the efficiency of Portland cement to be used in the Tropics, 
and exception was uaken to the published statements of several author- 
ities on this subject eoneeniing the significance and value of the specific 
giuivity and soundness tests. 

iis OUT studies of abating cements progressed we soon conviiieed 
ourselves that different methods of seasoning and storing the same 
cement produced different effects upon its physical and chemical prop- 
ertieS; and that different cements were influenced in unlike manners by 
the same conditions of seasoning. Consequenthy we found it necessary 
thoroughly to consider all of these questions in our work. 

THE SEASONING OF GROUND CEMENT, 

The penetration of air into a mass of undisturbed commercial cement 
is shown in Tables IX and X. 

The same experiment was repeated on a larger scale with brand 0 
cement. 

About 2 kilograms of Portland cement (brand D, Table A) were placed in an 
open, cylindrical glass jar. Tbe cement -was not packed nor tamped, but wws 
rendered only sliglitly compact by tapping tbe sides of tbe cylinder. In this 
manner it was exx>osed in tbe laboratoiy for one month during the dry season, from 
August 24 to September 24, 1908, at tbe end of which time samples were taken 
from different depths and tbe percentage of loss by ignition, moisture, and 
carbon dioxide in each determined. (Table IN.) 

Table IX . — Penetration of air into undisiurhed cement. 



Average dis> 

Tosh 

Carbon 

Moir 

Sample* number. 

tance from ;by igni- 

diox- 


, 

soriace 

■won.* 

ide. 



mm. 

Per ct 

Per cL 

Ferd, , 


0- S 


4,86 

0.97 


s~ e 

7.57 

S.68 

0;T7 



IS 

4.8& 

'0.92 

1 o.« i 

■ 4 . ~ : 

ISi- 2& 

4,44 

0.72 

0.55 j 


25|- SI i 


0,67 

'0.51^ 1 


Sl-127 1 

4.S4 1 



' 't',; - ' 

' , j 

'4,M ! 

1 „ :'i 

'1 


f, , i 



« Since part of the combined water is driven off at a loW red tbe pereente®®^ 
of tee latter «aix not be determined from this teble. However* Table XXI ^ j^ives da tbia 
Intetmation. , 'bi i ■ 

» me term “meteture’^ refers te water vteteh hetow f f' ' , ' ^ | ‘ 
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The same experiment was repeated on a larger scale with brand On 
cement. 

In this ease the cement was exposed in a 10-literj square, eorerlcss can for 
six months^ from Septembei' 1, IDOO, to January 2, 1910. Tlie can was placed 
near an open window so as to insure an ample change of fresh air. Jabic X 
records the results. 

Table X . — Penetration of air into undistiirdcd ceinent. 


Sample number. 

! Distance 
from 
; surface. 

Loss 
by igni- 
tion. 

Carljon- 
di ox- 
ide. 

Mois- 

ture. 

Condition of 
cement. 

1 

mm, 

i 0- 3 

Per ef. 

12.72 

Per et. 

8. 56 

P(i' (± 

1. 75 

tJaked hard. 

- - 

;i- 13 1 

9.28 

5.88 

1 . 31 

Caked. i 

' 3 

! 13- 25 

4.12 

0. 84 

1 0. SO 

Slightly caked, i 

1 4 

! 25- 73 j 

. 1 

3.t»b ! 

0.53 

! 0. 02 

.Vot caked. [ 

5 

! 

; 76-127 

3.60 

1 "0.35 

0, 55 

Do. I 


^ The unexposed cement contained 0.35 per cent of cai'bon-dioxide. 


These figures show that only exposed surfaces of groand Portland 
cement are subjected to aeration, and consequently the material under- 
neath this seasoned smTace may possess physical characteristics differing 
entirely from those of the upper layers. Wliiie the percentage of carbon- 
dioxide changes but yery little at a distance greater than 13 millimeters 
below the surface of the cement, water absorbed from the atmosphere 
may slowly penetrate further. This is shown by Table XI. 

Table XI . — Penetration of moisture into undisturbed eement. 



! Cement 



i before 

Aerated 

Constitnents, 

, 

being 
at ‘rated. 

cement. 


Prr eent. 

Prr cent. 

Loss by ignition ' 

0.48 

1.88 1 

Carbon dioxidej..... , . , , 

0. 12 

0.12 1 

Moistore : 

0. 00 

0.23 i 

- 'Water of eombinafion' liberated at a low, red heat.™ 

0. 80 

L„ j 


' "p; ASrated 4i' months and 17’ days in 'open glass cylinders; samples 'taken 127 

millimeters helow tbe surface.. , 

The absorption of water and carbon-dioxide from the air by small 
quantities of cement which are frequently remixed, is made clear by 

Table XII.; ^ ‘ 

mstooe, TJfwe ttie followings Three brands (0, and 
of oemont placed in 2^0 cnHo centimeter 
^ and weighed daily. *Ah empty 

00 ^ gjc$m in 2 months) as to 
im Table Xlt give the 
retnoved from 
In o^ent determined^ 



Table 'K{l~-€lt(ingGB in the im'ccniages of volatile comtUnente in ihormajhly acral cd cemenia. 
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# Til# orif Jnal loss by ignltJoa plus Ibe gain in weight was always more than eouid he; drivtai off fhiiilly at a knv ml heal. Thii; (‘enflrnus ItcliuiTars 
oxperienee that all the water e£ combination In cement does not beemno free at a low tempcraliire and but part is ('Npelied at ri lu'ight red heat, 'this 
column therefore represents only the -water of comhination which has been driven off during the process of ignitinn. 

^ TOkia ooluum i» a fairly accurate estimation of the total w'ater of combination. 

TfmmdiiHtric Zig. (IflOl) . 105. 
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The increase in different volatile constituents of cement 0 is i^Taph- 
icallv shown Idt figure 12. 



Fla. 12.— Diagram showing the characteristic effects of thorough aeration on the 
diffei'ent volatile constituents of Portlandl cement. 


The greatest increase is in the percentage of carbon dioxide. The 
figures in Tables IX, X, XI and XII confirm the microseopie .evidence 
that free lime in Portland cement exposed to the atmosphere changes to 
the carbonate soon after hydrating. 

The mi'eroscopie evidence that the change of lime to carbonate tends 
to make the free lime in cement more inert is confirmed by the decrease 
m the rapidity of absorption of carbon dioxide and water and tlie gradual 
merease in the percent^e of free moisture. 

Thw facts are importaflt by reason of their bearing upon the explana- 
tion of the changes sometimes noted in the physical properties of cements 
which have been stored in air-tight vessels, because active, free lime in 
cement so preserved will tend to unite with the moisture which originally 
was present, and the slaked lime so produced may have a different effect 
upon the physical properties of. tire eeanent than a corresponding amount 
■0^ iHittered or iidaBtofciea_ .Jime. Therefore, it is onr expedience that 
]Po«Eftpd oethiaite. eto|ed while protected frpm the 

,Cko.entsthaf 

little 


fc V ; V 
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or no active iiiislaketl iinie wlien the test soiiition is aiipIiecL Hard- 
biimecL fresh cements often contain a high percentage of writer wf.icii can 
be expelled below 110 degrees. If such eemenis are wore*] in air-tight 
receptacles it almost iiiTariaWy happens that rJie percentagi: »oi fnis 
coiistitiieiit gradiiallY decreases, bni the .iijL*rea>e is extremely slow. We 
can account for the slowness of this clmiige by the fact that the free lime 
ill the liard-biirnecl cement is all sintered at a iiigh teriiperatiire and 
therefore it hydrates very slowly. One sample rh such eenient orlginaHy 
contained 1.54 per cent of moisture and pi'odueed a fair aimvant of phiiiie- 
like crystals when the test soliitioii was ainplied. Tlie mieroseopif] rest, 
from time to time, showed a gTacliial deertnsy in the r|uantity of phiiiie- 
like crystals and a corresponding inei'etme in long, slender, radiating 
needles. But only after nine months had the hydration of the sintered 
lime ])eeome so complete that tlie microscope failed to show pinnies. 
The cement at that time contained 0.42 per cent of moisture. 

Clifford Ivielmrdson suggests a different explanation for the eliaiiges noted 
in cements wliicli have been stored in air-tight receptacles. However, his theory 
that the tension in solid solutions of calcium silicates and aliiminates is released 
by changes in temperature, etc., thus setting free some aimniiiate, is hardly 
consistent with our knowledge of the behavior of solid solutions. It is unlikely 
that a cement cooled from a wiiite heat, aged, again heated during the grinding 
process, and then slowly cooled in a pulverized state, would undergo an)' further 
changes in its eutectic curve because of climatic changes hi teniperatiire alone. 

Table XII demonstrates that the amount of combiiied vrater which is 
driven off during ignition remains fairly constant. All of the moisture 
which combines directly with the lime is driven off at a low reil beat. 
The additional water of combination which shoivs a steady increase in 
Table XII indicates that processes other than hydration of lime have 
taken place, and that some hydraulic cementive action 1ms set in, 

xlltliough the duplicate samples checked very closely, Table XII shows 
tliat brand D absorbed the least quantity of, volatile constituents. There- 
fore, experiments were conducted to ascertain what effect the nature of 
the cement would have upon the rapidit}^ and the amount of absorption. 

The rate of absorption decreases .very rapidly as the reaction proceeds.' 
This is apparent from Table XII, but the, cements there considered had 
already been' subjected to aeration. Table XIII records the figures ob- 
' tained'^ by aerating a cement ' which previously had not been e:vposed to 
the atmosphere. This material was ground from un, aerated rotary' 

^ clinker^, tod 'before being 'exposed in the beakers its' loss by ignition was 
only 0,31 per cent, ,,4 , : '' : ■ ■ ^ y' ^ ^ 

** CtopstitnlEOii of Poitlto'd“'€eme|it,, rea4 'hte 

'vat AfiMtia i ; ■ ■■ ^ , ,;i ,; ; 'i ; v ^ j,, bv'y},,;,:,;'';','; v'';' b'i ',1 ' : 
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Table Zslll.—'The influence of aeration on the rapidity of absorption. 


Per cent of increase in weight at different ages. 


Material. 

1 

15 j 1 2 i 3 4 

days, iinontli. ! months months, inontlis 

5 i G 


1 O 

days. Idays. 

montiisimontlis 

Ilard-biirued rotary elinker 

; ; 

M ■ 1 1 

j 

eeraent (brand 

i 1.3 ; 1.8 

1 ! 

l. ^ «..j -.= i !-« 

7.8 1 S.O 

1 


The influence of a difference in the size of the particles is shown by 
Table XIT (bi-and G). The characteristic properties of absorption as 
related to the fine and coarse particles in eoiuniereial Portland cemenT 
are also illnstrated by the figures recorded for brand N. 

Table XW . — The inffucnce of fineness on the rate and amount of ahsorption. 


CJ ; 


o ^ 


Per cent of increase in weight at different ages. 

oa ‘ 

0)' 1 

S j 

Fineness, 

S-s 

s c 

o ic 

3 days. 

1 

: 

1 S’ 

j »c 

15 days. 

1 month. 

cr; 

C 

O 

S 

Til 

3 months. 

4 months. 

w 

5 

to 

. 1 

K 

1 

S 

«5 


!Ar reeeived eommercially- 

3.29 

0.5 

1 

j 0.8 

1.9 

3.. 

5.4 

7.0 

8.0 

8.8 

9.li 

! \ 

iRegrroimd to pass a 200- 
1 mesh sieve 

3.50 

1.2 

1.8 

3.9 

6.0 

9.0 

11.4 

13.3 

15. 0 

16. 6 

. 1 

rFine material paasing a 

1 2{X)-mesh sieve 

2,70 

1.5 

2.5 

4.6 

6,9 

10.5 

13.1 

15.0 

16.5 

1 I 

IH.O 

1 Coarse material retained 
' on a 200-mesh sieve 

0.55 

0.8 

1 

1.4 

3.0 

4.2 

i 

5.5 

6.0 

6.3 

1 

6.4 

i 

i 6. -1 , 

i 1 


Tile great differences shown by the last eolniim of Table XIV indicate 
that the seasoning of cement is more or less conffned to the surface of the 
paiiides. ' ■ . 

The finer particles of conxmercial Portland* cement usually show a 
Mgher, and often' a very much higher loss by ignition than the coarser 
; ones. This may be dne tb, greater surface exposure;, as well as to the fact 
that ihc; softest clinker 'grinds to the jSnest powder. ■ 'Consequently/ eon- 
clnsions on the effects of fine grindings drawn from experiments in which 
the ffne and coarse material used are separated from the same cement, and 
where such conelnsions are based npon the physical properties of the 
two eemenis thus obtained^, are apt to be erroneons. Failure to consider 
tbatilhe finer or’regrinding, often inereaBes the per- 

b<!>*ninsion and error. 

^ - .w . . hi^'almorfcion of moistare and 

^eonaifieration.' 

I to the same 
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fineness. ('onseqiientlT, no concinsioiis can fie dravai iroin sliglit '.iIl- 
ferenees in results. 

The results recorded in Table %vere gained with cements ground in a 
bail-mill until they gave about the same residue on the 100 and 200-mesh standard 
sieves; the well-burned material required tbe longer grinding. A microscopic 
examination then indicated little difference in the relative amounts of impalpable 
po^vder. Eacli cement was sieved and divided into two parts, that whieli passed 
the 200-mesli sieve being separated from that which passed the 100, but remained 
on the 200. 

Table XM. — The influence of the degree of Inrning on the rate of ahsorptlcn. 


[Figures show percentages.] 



Oa Cement ground from iin- 


aerated clinker: 
Underburned c c- ■ 
ment— ; 


i Coarse particles— 

0.0 

100 

0. 42 

0.10 ; 0.53 

1.10 , 2,10 

3. 39 

3.98 , 4.40 

i Pine particles 

100.0 

100 

0. 52 

0.20 0.02 

1.4S , 2.46 

3. .52 

0.10 ' 0.71 

1 Well -burned eernent— 








! Coarse particles-.. 

0.0 

100 

0. 30 

O.IS ' 0.44 

1.05 2.0t? 

3. 10 

3.00 , 3.90 


Fine particles 

mo 

100 

0.33 

0.35 0.85 

1.74 2. S3 

4. 15 

7.63 ■ 7.98 

0 

Cement ground from 









clinker which was ae- 





i 




rated 3 months in the 





i 




laboratory: 







t 


Un d er b n r n e d <.* e* 

! 






1 


ment— 







! I 


Coarse particles— 

I 0.0 

100 : 


, 0.49 i 

. 1.46 

1.91 

!b2.09 


Fine particles 

100.0 

; i 

2.20 I 

: 0. 73 ‘ 

! 1.S3 

3,25 : 

1 0.09 ' 8.29 1 


Well-burned cement-— j 





1 j 


1 1 , 1 


Coarse particles- -i 

0.0 

' ' 100 1 


0.69 ' 


' 2.89 

3.21 A—, ' 


Fine particles : 

mo 

j 100 ] 

0.50 

; 1.33 

: i 3.14 1 

|4.72^ 

i i 

7.89 j S.4S i 


Underburned ce-. 

84,0 

lOO 1 

200 1 

' 0.89 

; j 2,w I 

i 3.41 . 

5.95 i 7.95 


, ment not sieved, 


! ' 

! ; 

i ; 





H-24 6 , p e r e e n t j ' > i ; ! ' ’ | ; | 

1 " ; .1 -I . i ._.l i... 1^ I. I ; ! ' j I 

* SiiEr|ilar''r!®s«lts 'Were ' with cement ground from brand L 'clinker. 

*>64 days old*, 

.givm'itt 'Table: do not show the diffetenees in .we Imd 

anticipated. Making all allowance fon the possible variations in InOnesSy the 
well-fottmed cement absorbed carbon dioxide and %vater as readily as tbe pn^er- 
bttmed inatariaj irere later sBb|«sled tb.WMte^s, 

ftee lime alj ■Pio, bf rmbydrated lime in consider- 
able TM^ of' ditiint^mted dnrihg tbe steam 

teat.. 
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Table XVJ. — Free lime and soundness of the cements recorded in Table XV . 


Tt'scriptioii. 


Micr(>5!c‘opi<‘ test. 


.Soundness (u-hour steam 
test) . 


j I Is on ni' rated under- ‘ PlumeKand necalles in abundance Completely disin to, i^ra ted. j 

, burned clinker. ■ but notasmany plumc.s usNo. 2. I 

I ’‘'2 i Non aerated bard- ; Mostly ??ood large plumes (very Very slightly d i .s i ii t e- | 

! burned edinker. : bad). grated soft and oil plate, j 

S ' .derated nnderburned A few plumes, many ro.sette.s of Sound. i 

clinker. needles. Not nearly so liad as ■ 

No. 4. 1 

! 4 I Aerated hard-burned Plumesin long needles in abun- Soft, slightly disintegrated | 

I ; clinker. ‘ dance (very bad). i and off jdate. j 

These are the same cements given in Tables III and V. 

When the experiment was repeated^ using selected;, perfectly sintered 
clinker which contained no free lime and which x'eniained perfectly 
sound after the boiling test„ the results were more conclusive. (Table 
XWII.) 

Table XVII. — The influence of the d^sgree of fusion on the rapidity of absorptimi 

{brand L cement). 

[Figures show percentages.] 


description. 


Finonc^.* , 


J ' C3 

'oc 1 00 

j ■ XS 


tUiferent ages. 


g8.S 2.8.1 ■ s i S' I 

^ s<i tc ^ T-i cK \ <5 I »o i 


Perfectly fused clinker con- ' 


Perfectly fused cHnker ,eon- 
taining no free lime 'f,2 

----- -r-''-— 

tl, a d © r bn r n e d clinker' con- 
taining free ' ) 

n n d erb n rned clinker con- . 

free lime + 4 pep : : 


90.^ j 100 j 0.80 1.92 8.1 


ss 

coco 
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03 00 

P bS 
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P 

tfl p5 
«J P 

00 

: 51^ 1 

o 

P ff'C 


M 

0.70 

2.90 

0.68 

2,92 

! 

0.79 

2. '64 

'0.67 

8. 88 

'0.61 

S.94 

0.84 

3.88 


! lime wm ground mtdk finer than the nnderhnmed 

' if ‘w ^ mnin o®a;^tslon. the cements been 

4 (jnnntitAtiTely. 
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Fig. 13. — Diagram showing variations in the effects of thorough aSratlon on the 
volatile constituents of Portland cement. 


Of course^ atmosplieric conditions exert a marked indnence upon the 
amount of water and of carhon dioxide absorbed. In rainv weather, for 
instance, cements frequently contain more than 2 per cent of moisture. 
This tends to accelerate the hydration and to promote setting and caking. 
Therefore, all of the recorded figures and curyes are more ox less subject 
to variation. However, the information gained from these experiments 
is applicable to practical considerations, as manufacturing conditions 
also involve similar exposures and variations in atmospheric influences. 


THE SIjlASON'IJsrO OP PORTLAND OEMEHT CLINREBS. 

The action of water and air on Portland cement clinker is radically 
different from that on the ground commercial product. 

Tables XY and XYI show that hard-burned clinkers may produce 
unsound cements containing a considerable amount of sintered free lime; 
and furthermore, that prolonged aeration of such nlinkere may fail, to 
produce soundness, or to slake all of the free lime. On the other hand, 
underbumed clinkers from the same kiln and similar raw material; acted ^ 
differently. Seasoned during the/ same time and in the same’ , manner, 
they -produced sound cement. This Is '.the' opposite to Ihe^behavipi*', of 

Iff an! . dfesignaite 

mdptent fusion and wMeh; .have' sintered ,'into dense, haid, roA'-lIke clinkers 
wMeb are very ^Hcult to cmsh and grind and wMoh do not dl«dnt^»te readily- 
When such clinkers contain nn free 'tey are as 

aWcfod , i ^ V * ^ ' t / ’ 
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o'roimtl cement which is being aerated (Table Til), but a study of coin- 
niereial clinkers gives an explanation for this clilference and likewise 
reveals the causes of others. 

The presence of free lime in liard-burnod clinker has alu^ays been traced 
by us to too coarse grinding or poor mixing of the rau’’ material, but 
never to separation from a previonsh’ combined state. 

The eli'eet of eoarse grinding on the fusion product wavS demonstrated by 
Campbell and They were unable to burn the raw material secured from 

a Lehigh district plant into a clinker which would produce sound, unseasoned 
cement, even though the temperature of their experimental rotary klin was 
raised as high as 1.0T2 degrees. AVhen the same raw meal had been ground finer, 
so that 9S.0 instead of SC.S per cent passed a 100-mesli sieve, the sound product 
was obtained at 1,475 degi’ees. They concluded that the coarse particles of 
calcined limestone had failed to combine and atributed the unsotmdness to free 
lime. Later, White confirmed the correctness of these conclusions. 

Campbell worked with a miniature furnace. Despite the longer time 
during wliieli tlie raw' meal is confined in the elinivering zone of com- 
mercial kiliiSj our mieroscopicj physical, and chemical examinations of 
eominercdal products and investigations at factories^, all confirm, the 
belief that in the majority of instances the raw meal is too coarse to 
produce perfectly fused clinker. 

For instance, the product of one large Portland cement mill always showed 
free lime in considerable quantities. We had suspected that this might be due 
to improper mixing, or slight underburning of the raw meal, or to a possible 
mixing of bad and good cement. When the plant was inspected, the greatest 
care was being taken to maintain a good mixture of raw-material. The rotary 
clinker was also hard-burned and well sintered at the mill. It showed sintered 
lime as before. However, the clinker was full of white specks. Some of these 
were identified as free lime, and an examination of the raw meal showed that 
only 78.4 per cent passed the 100- and, 65.0 per cent the 200-mesh sieve. The 
raw material was hard mountain lime.stbne and clay. This is more difiicuH 
to sinter properly than cement rock such as Campbell worked with. Similar 
conditions wei-e found ' at other plants. . In fact, the grinding was often so coarse 
that even the hard-burned clinker from stationary kilns showed free lime, visible 
'tO'The M,ked eye. 

' y\''' Kgujre , 14 is;'a\pliot0^apli of several 'Cliukers representing different' 

are unseasoned' and the surfaces photo- 
graphed were freshly exposed- The white specks show the free lime in 
the black, hard magma surrounding them. All unaerated clinkers which 
failed to contain white sp^ks also failed to show more than a trace of free 
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Pig. 14. — Photograph of commercial Portland cement clinkers ' showing particles of free 
lime visible to the naked eye. (1) Stationary kiln clinker (brand L) (21 
stationary kiln clinker (brand O) ; (3) rotary kiln clinker (brand O) ; (4) 
rotary kiln clinker (brand K). 


The reason for the inactivity of coarse particles of lime throughout the 
hurniHg process of Portland cement clinker is especially apparent from 
the work of Day and Shepherd when we take into consideration the 
fact that the clinker is a product of incipient fusion^ rather than of' a 
melt. These authors say that contrary to Hoffmann^'S ' statement .that 
^Temperature 'of formation is above’ the temperature of fusion^^Must tl^e 
reTe:rS'e ’ j’a true. 'Dnder 'normal' conditions these ' mineral comhinaiions 


OMm. Boe. ,U,Wh' 28, 1092. 
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occur at temperatures lower than the melting poin^ the exceptions oc- 
curring when the materials are so coarsely ground, or poorly mixed that 
combination is retarded iinti] the melting point of the slag is passed. 

Therefore^ in the cement kiln^ the coarse particles of calcined limestone 
are apt to become surrounded hy fused slag and thus more or less escape 
reaction. Excessive lime, or poorly mixed raw meal, would produce a 
similar result. When the clinker has cooled, and is then subjected to 
seasoning; this covering of slag tends to protect the inclosed lime from 
hydration. When the clinker is ground, the walls are brolcen open and 
the lime therefore immediately is in a condition in which it can react. 
This explains why hard-burned, unsound cement seasons to a sound 
material so slowly when in the clinker form, and so rapidly when it is 
finely ground. It also accounts for the fact that some hard-burned 
clinkers continue slowly to disintegrate for years. As the free lime in 
underlmrned cement is more abundant and less thoroughly protected 
by its softer, sintered magma, it seasons more readily. 

These reactions are demonstrated and confirmed by the figures recorded 
in Table XYIII (p. 409). 


Sample 10 is practieally unaffected by four months’ exposure. This shows 
that perfectly sintered Portland cement clinker is almost inert to water and 
atmospheric influences. In fact, it will not react with water unless it is 
previously ground to a fine powder. Consequently, seasoning only affects the 
clinkers, or the portions of clinker’s, which are not perfectly sintered or fused. 

When free lime is present in hard-burned clinker, the inert, fused or sintered 
magma in which it is imbeddel protects the lime from hydrating influences. 
Sample 3, after six months of drastic seasoning, still contained unslaked, sintered 
free lime. Sample 6, after aerating for 3 months^ remained unsound. Samples 
5, 6, 8 and 9 show that wet clinkers season more thoroughly and more rapidly 
than dry ones. '' 


We regard aeration as the least efficient, practical method of seasoning 
Portland cement. It is not only slow, uncertain and incomplete in its 
iiifiuencej, but al«> induces the slaked lime to change to carbonate and the 
formation of carbonate from slaked lime in unset Portland cement re- 
duces its efficiency. .Slaked lime has a cementive value of its own and it 
is a much, more valuable constituent of Portland cement than a correspond- 


ing amotmt of inert calcium carbonate. This is a consideration worthy 
of more 'attention than h^ heretofore been given to it by manufacturers, 
thmr must be the less the change to carbonate is 

nlore readily and thoroughly will 
-trowelling properties " and sand- 

^ ^ , 

J<mr geaieral experience 

^aviiy, 


; cHhcer 




Table XYIII.— T/te seasoning of commercwl Portland cement clinkers. 
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Oil the market except as hydrauiie lime. It would eitlier fail in sound- 
ness, or if vsoinid, fail to pass the tests of strength and the other require- 
ments of the cement speci hcations. On the other hand^ very few 
conmierciai cements repi-esejit a perfectly sintered product. ITnderburned 
cement usually conies to the coiisiuiier mixed wiiii the harder, burned 
material from the same mi!l. Granted that few manui'acturers wil- 
fully mix a good and a bad cement to give an average material which 
would pass inspection, yet if their clinker contains imdeihiirned cement 
the result is just the same, to a greater or less degree, according to the 
fusion products formed. The host stationery kiln process yields a coiivsid* 
erabie amoinit of iinderbnrned clinker. Some maimfaetirrers sort this 
out very carefully. One efficient method of so doing is to wet the fresh 
clinker with water for a few days, and then sort or screen out the fine 
material. The rejected, iinderbnrned cement is sometimes prepared and 
sold as hydraulic lime, and sometimes it is used as a binder for the raw 
meal bricks and re-burned. 

Other manufacturers do very little or no sorting even when the clinker 
contains a considerable quantity of bad cement. The more or less non- 
homogeneous product of their kilns k dumped into covereT bins or piled 
out in the open air and allowed to season for an indefinite time, according 
to its needs or according to the convenience of tlie manufactiirer. The 
unsorted, sound and disintegrated products of the kiln are finally crushed, 
ground into an intimately mixed powder and then jjacked and sold 
as Portland cement. The finished product is not tnie Portland cement, 
but a mixture of seasoned, unclerbiirned and well-])nrned cement con- 
taining sintered, nonsintered, and hydrated free lime, and fused and 
sintered compounds of many kinds. 


One of tbe autiiors inspected commercial stationary kilns whicli to all ap- 
pearances produced at least 10 per cent of bad clinker, very little of wliicli was 
afterwards sorted out. Some of dlie clinkers from these kilns were thorotighly 
vitrited, some sintered, some underburned and some all , three in one. These 
clinkers were weathered in the open air for from 3 to 5 months before being dried 
and ground. 


The heaps of dinker which had lain in the sun and rain for about three 
months presented the appearance of big ash piles. Fully one-half of the 
material had disintegrated completely, and the whole was covered with a 
thiefe incrustation of caloinm, carbonate stained from gray to teddish- 
tewn mid wipi 'various' decwoipositian products. Six samples of 


h®h®atli;'fiie^outer crust were sealed in cans and 


an idea of 
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Fig, 15.— -PtiotograpSi of spued aod disintegrated commercial Portiand cement clinkers. 

, , , CD , Oliaracteristle, sonnd, weathered, stationary kiln clinker split open to 
: , show Its homogeneopB and perfectly sintered condition ; (2) pioc©' pi raw-meal 

''hriek 'which had 'almost escaped the 'fire; thf©; particles of grwihd liihestone 
Leld 'tPgethe'r hy the cohesion of 'the dehydrated,, cfompre-ssed^ clay; this 
'l^'lsiows one possible sonree of the carhon^lwcide i® eoiamercial ' cements ; (S'). 

characteristic disintegrated prodiict df | w.eathered; ' tin^erbiime^ stelloMiT , Win 
/i'eiinker^' ‘ , '' ■■ '■ : i';' ■ , , ' ,, ; ; . . ■ 
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After these samples had been dried,, they Avere sei-eened on a 2.5-centimeter 
sieve to separate the fine clinker from the coarse. As shown by fignre 15, the 
fine clinker thus separated contained some good material (small, wmll-burned 
parts of otherwise nnderbnrned clinker), and the coar.se some bad, but the 
relative amount in each ease ^Yas small. 

The separated clinkers were then ground with 1.5 per cent plaster of Paris 
in a ball-mill until no residue remained on the 100-mesh sieve. They wei*e then 
subjected to the tests recorded in Table XIX. 

Table XIX. — Tests of disintegrated and sotind seasoned oUnJeer. 



Fineness. , c j S ; 

, Bet. ; 


i 

^ 4) ' a S ' 9 '< Souii<lne.s.« 

^ ■ s: ' ■ >A ■ 5^-$ ' (5-houT 

’^■33 , .steam test). 

I'l ; ST Zv 1 v! , S 1 1 

^ " r.'~' i 

Initial, 

S ; 

Free lime (luicro- 
.seopie test). 

j 

P.e/.:Pc*/.; P.vt\F.ct.\ 

//. m. 

i 

It. m.\ 


' Disintegrated clinker. 

70. O' 100. o: 2.022' 9.02, 21.0; Sound, but 

1 0 

3 0 

A little amorphous 

1 

i ; a 1 i 1 1 1 e 


! 

1 i m e . Ifi 11 e h 


; ' , : ! .soft. 



slaked lime. 

‘ Disintegrated clinker 

77.(5 100.0 2.7U411..>9i 22.0 Hound 

50 

; 3 3o' 

Much slaked lime. ! 

: aerated 8 days, fre- 

! qiientiy remi.xed. 

' ; , 1 ■ 


j 

; i 


i Sound clinker 

80.0 Kao! 3.05 3..S7 10. o‘ do 

; I 30 

; 2 isl 

A very little sin- 




! j 

tered and slaked 

i 

! . : • 

' i 

i 1 

'i 

lime. 


Btrmgth tests in pounds per square inch. 


‘^oiind 

Uisinitegrating clinker 
'l>l$integrafing , clinker 
: ' »5r4t«l 


605 I 
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clinker 




Tensile strength. 



Neat. 


1 to 54 Ottawa sand mortar, j 

28 days. 

3 

months,. 

8 

months. 

7 days. 

28 tiays. 

3 

months. 

8 

moliths. 

70l 

. 718, 

, 
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345 
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,'385: 

t ' ’ ' ■ 

,443 

577 ! 

88 
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j ' 8^1 
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Coiaprcssion strength of broken briquettes. 




*7, §06 I 
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Chemical analyses of ignited samples. 




•! Silica. SiO^ (total 1 

: Alumina, Al^Os 

Iron oxide. FeXt-] 

Lime, CaO 

; Magnesia, MgO 

j insoluble residue I sand) 




4.63 4.2-1 

ill. IS >L;.44 

2.i;3 ' 2.00 

i\si :,no 


A mixture of 45 per cent of this disintegrated, and 55 per cent of this sound 
clinker passes our cement specilications in all respects except in the percentage 
loss by ignition. 

The records at this Bureau all indicate that just such mixtures were being 
imported and accepted here four and fiTe years a^o. The erratic, unsatisfactory 
nature of some of these shipments were fully discussed in the previous paper.®'-' 

Since local officials have insisted upon a higher spjeeific gravity (at least 3.0S, 
dried at 110° C, 'but not ignited) and a loss by ignition of not more than 4.0 
per cent, a sound cement made from hard-burned clinker is assured. 

Tiie rotary-kiln process is callable of producing a more uniformly 
burned clinlver than the set kiln. Owing to the short time during which 
the clinker is in the elinkering zone, extreme fineness in the grinding of 
the raw'-inaterial is necessary to produce a perfectly sintered product. 
Some manufacturers turn out an almost homogeneous, thoroughly sintered 
rotary clinker. Others save coal and grinding expenses and are satisfied 
to produce a clinker which will season sound. As far as our knowledge 
extends, by far the larger majority' produce a hard-burned clinker, but one 
which still contains a considerable percentage of free lime, and to this fact 
alone we attributed the much-discussed cause of the characteristic drop 
in strength of rotary cement. The observations and experiences which 
have brought us to this conclusion are presented in another part of this 
paper in a discussion on the significance and causes of the erratic develop- 
ment of strength, characteristic of commercial Portland cements. How- 
ever, in order to present' the ^ discussion in logical sequence the subject of 
the "setting properties of Portland cement will first be diseuseed. 


^ hoc, eit. 
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PHYSICAL ANALYSES. 
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ILLUSTRATIONS, 


TEXT ITGUEES. 

Fig* 1. Sealed tubes sliowmg the efTect of water on the formation of calcium 
hydroxide-phenol crystals. 

2. Characteristic crystals obtained by the mieroseopie test from calcium 

hydroxide. 

3. Characteristic crystals obtained by the microscopic test from calcium 

oxide. 

4. Crystalline calcium hydroxide obtained from sintered lime. 

5. Characteristic crystals obtained by the microscopic test from ealeimn 

oxide ignited at a red heat. 

6. Characteristic crystals obtained by the microscopic test from nonsintered 

lime in Portland cement. 

7. Characteristic plume-like formations of crystals obtained from sintered 
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8. Characteristic plume-like formations of crystals obtained from sintered 

lime in Portland cement. 

9. Characteristic crystals obtained from slaked lime in Portland cement. 

10. Characteristic piume-like formations of crystals obtained from coarse 

particles of sintered lime in nonseasoned, hard-burned Portland cement. 

11. Characteristic rosettes of long, slender crystals obtained from the coarse 

particles of .sintered lime in hard-burned cement after they had reached 
the fmal stage in the process of hydration by aeration. 

12. Diagram showing the characteristic effects of thorough aeration on the 

different volatile constituents of Portland cement. 

13. Diagram showing variations in the effects of thorough aeration on the 

volatile constituents of Portland cement. 

14. Photograph of commercial Portland cement clinkers showing particles of 

free lime visible to the naked eye. 

1. Stationary kiln clinker (brand L). 

2. Stationary kiln clinker {brand 0). 

3. Rotary kiln clinker {brand O). 

4. Rotary kiln clinker (brand K). 

15. Photograph of- soimd and disintegrated commercial Portland cement 

clinkers. 

i. Characteristic sound, weathered, stationary 'kiln clinker split open 
‘to show 'its homogeneous and perfwtly sintered' condition. 

' ' ’ ^ 2. Piece of ,mw-meal brick r^hieh had' almosi «c»ped 'the ire. The 

particles^of ground, lune^ne were 'h, eld toother by the eohesiom' 
;L, ',of the dehydrated, c^ay. This shows' one possible, 

, ' - of the,mrtK>mdioxide',iii' oommerfflal cements, 

; , ■ ; ; , ' '' ' Oharaet^istic dMntegml^' product of weathered, umierbumed, 

'' ' '' ■ '' stationary kiln c!lnk^.'„ ' -''t • ' , ' , 
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Fk?. 2.- Characteristic crystals obtained by the microscopic test from calcium hydroxiile. 



Pig. 10. —Characteristic plume-like formations of crystals obtained from coarse particles of sin 
tered lime in nonseasoned, hard-burned Portland cement. 



Fig. 3.— Characteristic crystals obtained by the mieroseopic test from eulciuni oxide. 



Fig. 4.— Crystalline calcium hyilroxide obtained from sintered lime. 





6 —Characteristic crystals obtained by Fm. 7.— Characteristic, piume-like fonnations 
the microscopic ti^t from Btonaia- of crystals obtained from sintered 

tered. lilne in Portland cement. lime. ' 


Fio. 14. — Photogrraph of commercial Portland cement clinkers showing particles of free lime visi- 
ble to the naked eye. (1) Stationary kiln clinker (brand Li: CJ) stationary kiln clin- 
ker (brand O): (S) rotary kiln clinker (brand O); (4) rotary kiln clinker (brand K). 




Fro. 15.— Photograph of sound and disintegrated com- 
mercial Portland cement clinkers. (1) Char- 
acteristic sound, weathered, stationary kiln 
clinker split open -to show its homogeneous 
and perfectly sintered condition; (2) piece 
of raw-meal brick which had almost escaped 
the fire; the particles of ground lime.stone 
were held together by the cohesion of the 
dehydrated, compressed clay; this shows one 
possible source of the carbon-dioxide in com- 
mercial cements; (3) characteristic disinte- 
grated prodtict of weathered, underburned, 
stationary kiln clinker. 



Fkj. (Uianu'teristic crystals obtained from slaked lime in Portland cement. 



Fig. 11 


.—ChamcteriNtie rosettes of long, slender cr.vstals obtained from the coarse particles of 
sintered lime in hard-burned cement after they had reached the final stage in the 
process of hydration by aeration. 



THE COMPOUNDS WHICH CAUSE THE RED COLORATION 
OF ANILINE: II. THE EFFECT OF SUNLIGHT IN THE AB- 
SENCE OF OXYGEN AND OXIDIZING INFLUENCES 
AND A CO.MPARISON WITH THE BEHAVIOR 
OF MONO- AND DI.METHYLANILINE. 


By H. D. Gibbs. 

{Frayn the Division of Organic CJietnistrif. Bureau of Science., Manila, P. 1.) 


Tti the first paper on The Compoimds which Cause the C’oloration of 
Aniline ^ I have shown that, in the presence of oxygen, oxidation is the 
principal factor. The major prodnets of the reactions are 2,5-diaiiiliiio- 
qninone, dianiliiioqiiinoneanil and azoplienine, all of which are very 
soluble in aniline with the production of brilliant red solutions. Other 
oxidation and condensation products may be formed and are doubtless 
])resent in minor (jiiantities. The rate of coloration is greatly accelerated 
by sunlight and active forms of oxygen such as ozone and hydrogen 
peroxide. 

Since it was found - that neither pure phenol, moist crystals, nor a 
solution of the crystals in water are affected by -sunlight when exposed in 
sealed glass tubes in atmospheres of nitrogen, hydrogen, or carbon dioxide, 
the same experiiD.ents have been performed with aniline with very 
surprising results. The coloration has been found to take place in the 
absence of oxygen or oxidizing influences with remarkable rapidity in the 
sunlight of this locality. On a day when the actinic value of the sunlight 
was far from the maximum ® a yellow color was iirst visible in seven 
minutes. In less than one month some samples, in atmospheres of an 
indifferent 'gas, became a brilliant, dark red, when viewed in a thin layer, 

Journal^ Bee. A (1910), 5, 9. 

^Gibbs, te. A (1908), 3, 361; (1909) 

^ Comparative ' measuxementa, wMcb will be published later, of , the aetifily 
of the ^tmlight as measured by the doeompoaitiou of a urauyl ' at^tate-oxalie aoid 
'solution 'have been carried ou daily for almoet a year. '.Oa the 'day above^ referred^ 
to, September 30, 1910, the deeompositiop. ' was only 60 per cent of the observed 

'maximum dayi'* 'Vbb',') v; ; '' ' 
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and black in lavers 0.25 centimeter thick, both by reflected and trans- 


mitted light. 


The major reaction involyed produces azophenine. benzene and am- 
monia and can be expressed by the equation 




:C,H3 


= KCoH3 
-NH.CcK 
-NH.CcK 
= N.C,H3 


^ +4C,H, +5m4,. 


While other compounds may be produced^ I have not been able to isolate 
any other products and there is much evidence to show that if any are 
produced they are present in almost negligible quantities. 

On evaporating the aniline at 30° in a vacuum desiccator over sulphuric 
acid; -puTe^ perfectly formed crystals of azophenine separate as long as 
any liquid aniline remains. 

■While the theory is that it is only the absorbed rays ■which produce 
chemical activity^, it is equally true that all absorbed rays are not chemi- 
cally active. The theory has been advanced that the general absorption 
is produced by the movements of the molecules themselves and the selec- 
tive absorption by the movements of the atoms in the molecule. Thus, 
in certain solutions it is possible that the molecular motion will be very 
cliiferent from that of the compound in the pure liquid or vapor states, 
while the intramolecular vibrations will not he fundamentally altered. In 
the cases which I have investigated, namely, phenol, aniline and methyl 
aniline, the chemical activity induced or catalyzed by light waves is .depen- 
dent upon the presence of a labile hydrogen atom. The action of light 
upon mono- and dimethylaniline in the presence of oxygen has not been 
investigated. I have found that the fixation of the labile hydrogen atom 
of phenol destroys the sensibility of the molecule to chemical change pro- 
duced by sunlight in the presence of oxygen and that the fixation of 
aminic hydrogen, of aniline reduces the susceptibility in the case of 
methyl aniline and probably inhibits entirely the sensibility of dimethyl- 
'aniline. ^ 


_ , Introduction of methyl or ethyl groups into the molecule of certain dyes 

such/'SS ’fluoresoeine and'eosine to, produce the methyl Or ethyl 'esters or ethers, 
is ' Ifenowh' io increase the ■ iastness'^ of 'the dye to light,* Gross®, has found that 
tho''' of , some dyes’ in light W4s 'associated with ' the absorpto'H of oxygen 
and most probably due ' ■ Watson advanced ' the' theory that the 

.fading in light of an a^d;|re is due to the oxidation Of that part of the molecule 
which contains hydroxyl- or aminogtbups, and that the fastness of snch a dye 
in increased by introducing into the pteuollc or arylamino-part such other groups 
► m wia tho tendency^ becmne Oxidhsed. Bxperimental work confirms this 

’ ’ 
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It has been shown " that dimethylaniline adds on oxygen to form the 
compound CeH 5 *N=: (GHs).. This tendency seems to be a peculiarity of the group 

O 

CgHs-N : Xn. It thus seems probable tliat Avliile the tixation of the labile hydrogen 
atoms of aniline will destroy the sensibility of the compound to the action of 
light in the absence of oxygen, in tlie presence of oxygen the dimethyl compoiiiid 
may undergo chemical change. 

Tlie absorption spectrum of aniline has been studied by yarious in- 
yestigators. 

Hartiy and Himtiiigton ® found that in solutions the absorption extended in 
the ultra-violet from about X=310 on, and in thinner layers there appeared an 
absorption band from about 285 to 274 fifL^ and complete absorption from 250 
/x.a on. By greater dilution the first band disappears and a second forms between 
240 and 232 Pauer gives for one gi-am molecule in 20 liters in layers 
of 1 centimeter tliicloiess, absorption from 315 .a/i on. and in greater dilution 
an absorption band between 298 and 268 /jLfi with a transmission band between 
268 and 258 piiJ.. 

Purvis studied the absorption spectra of the vapor, the liquid and alcoholic 
solutions. The vapor showed considerable variation in the bands due to changes in 
temperature and pressure. At 14 degrees and 763 millimeters pressure he measured 
83 bands from X=:297.8 to 271.7 The complete absorption began about 
240 fifA, At 30 degrees and 807 millimeters there were S5 bands, at 45 degrees 
and 833 millimeters, 36 bands, at 60 degrees and SG3 millimeters 13 bands, at 
75 degrees and 893 millimeters 6 bands and at 90 degrees and 923 millimeters 
the bands had all disappeared and complete absorption began at about 307 
The absorption spectrum of liquid aniline shows no bands. The point at which 
complete absorption begins depends upon the thickness of the layer and W’as 
found to be 318.5 jupt for a film of 0.050 millimeter thickness varying to 314 ptg, 
with a film 0.001 millimeter thick. In alcoholic solutions this investigator’s 
results agree with the prior work of Hartley and Huntington, and Baly and 
Collie. The absorption spectrum of the vapor has also been investigated by 
Pauer and by Grebe.^ The absorption in the visible and infra-red has been 
investigated by Russell and Lapraik ^ and others.^^ The former found bands 
between 706 and 700, 653 and 647, 631 and 629 and 614 and 609 g/r. The 
transmission is evidently relatively complete between 609 and 315 ja/t. 

Baly and Collie “ have shown that the 'broad absorption band in the ultra- 
violet is due to the basic nitrogen atom, and Baly and Marsden^® state that the 

^Bamberger and Rudolf, Ber, d. deutschen chem, Ges. (1908), 41, 3290. 

^PMl Trans. (1879), 170, 271. 

® Baly and Collie, Journ, Ohem. 8oc. Londoti ( 1905) , 87, 1338 and 1346, repeated 
the 'wwk with identical results. They state that there is a broad absorption band 
heading about 288 ftn. 

d* Gkem. (Wiedermann), (1897), 61, 374. 

'Lon^m (1910), 92, 1546.' > ‘ 

'Omtmlbl :(1906'), :77, 341; Ztsehn f, PhoiQgmpk.^^ Fhoioplips. «. 

"(1906), 3, 376., . , 

Bms* Lmdm' (1881), 39, '168. ^ 

'' ' ' Kayser.'. I^p«ig (1905'),,i,A,;476# 

O'kevn^ Poe. '(1905),; .87, 1338. ^ i.-;. 

' , (1908)', 93, 21G^': ^ 
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very large absorption band of aniline \voiild suggest tliat the dynamic activity 
of this compound is even greater than that of benzene itself. It has further been 
stated that the decrease in the basicity of the nitrogen atom by the replacing 
of the amiiiic hydrogen by the methyl group, manifests itself in the absorption 
spectra by a deci’ease in iiie persistence of the absorption band. 

•^Thus, in aniline, the persistence of the absorption band or the relative change 
of dilutions over which it is visible is 84 per cent, hi mcthylaniline it is 73 per 
cent, and in dimethylaniline it is only 50 per cent. The introduction, therefore, 
of one methyl group reduces the persistence by 11 per cent and two methyl groups 
decrease it by 34 per cent. It is very interesting to note tliat the basicity of 
the nitrogen atom in dimethylaniline has been sufficiently reduced to allow the 
spectrum to partake also of the first type. {Ref ending to henz^sne and mono allcyl 
sulstUution proincis, } " The methyl and the dimethyl compounds in the 

presence of sufficient hydrochloric acid (3 equivalents) give a very similar spectrum 
to aniline hydrochloride, that is to say, the spectrum resembling the first type. 
We may therefore conclude that the presence of imsaturated nitrogen in the a- 

position gives rise to a broad band vuth its head at ^ =3470 (X=288 gy,) and 
of great persistence.’ 

A comparison of the spectra of aniline and its liydrochloride and the mono 
alkylated benzenes shows that in the hydrochloride the group — ^NHa-HCl behaves 
almost exactly the same as a single alkyl group; “that is to say, the very 
striking residual affinity of the — NH^ gTOup in aniline has entirely disappeared.” 

The exact meaning of Baly and Collie’s statements, concerning the 
decrease in the basicity of the nitrogen atom of aniline due to the substitu- 
tion of the aidmic hydrogen by methyl groups, is not clear. Walker 
has shown that aniline, methylaniiine and dimethylaniline ai'e no excep- 
tions to the general rule that the substitution of hydrogen by the positiye 
group methyl, produces an increase in the basicity of the compound as in 
the substituted ammonias, methylamine, dimethylaniine, trimethylainine, 
the substituted phosphines and other compounds. In the increasing 
order of the basicity the compounds referred to are aniline, methylaniiine 
and dimethylaniline. The persistence of the absorption band in the ultra 
Tiqlet is in the invei’se order of the basicity and also in the inverse order 
of the stability of the group and its dynamic activity. 

Baly and his coworkers have shown that the aliphatic enol-keto tanto- 
meters give no absorption bands when in the pure state and tliat the 
absorption band indicates that the enolic and ketonic forms are coexistent 
,and' in 'dynamic 'equilibrium with 'one anoUver. In general, they state 
'V, ' ‘ ' 

* * * An absorption band in the ultra-violet region of the spectrum is only 
shown by compounds having a possibility of tautomerism. Such taiitomerism is 
not necessarily due to the presence of a labile atom, but may be of the same order 
as i^at occurring in ring compounds of the aromatic type, in which the reversible 
cteago lo^ linking may:^ take poriodicaJly^^ 
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Tiie vibration causing tlie absorption nius-t cease wiien tiie intcdent 
light is removed or otiierwdse the substance wonki he ,-eii'-]mniriGiis in :iie 
dark. Moreover, the abj^orption band can not in any way ')e ree'arded 
as being directly due to an oscillating atom, for the oseillatic'ii ireoneiicy 
of the iiglit tvaves absorljed is nearly the same for all substaiicee exajniinrb 
irrespective of the nature or mass of the atom- in tjie so-called labile 
condition and the vibration frequency of the atom can not ]:ie the .-ame 
as the oscillation irequency of the iigiit cJjscobied. The irequency at- 
tributed to atomic vibratiem is never so high a- that ch' tl:e aljS';c'ijed 
bands. 

\Te are therefore fc/rced to coiieliide that the ab--crpth:/ii of duo rbe 

transforinatioii which is expressed eliemically by a change of linking." 

In the aromatic eonipoinids the same type of absorption bmifl is slic»wii 
by enol-keto eonipoinids such as phenol. In this eormeciion Baly and 
Etvbank state.-- 

Now it has been showTi that the tautomeric proeesb, such as occurs in acetyl* 
acetone and analogous aliphatic compounds, causes the formation of a band in 
the absorption spectra of these compounds, the head of wliieli lies very much in 
the same region as does the band in the spectrum of phenol and its esters. 

The same type of taiitonierism therefore occurs in phenol as in the 
aliphatic eonipoinids. 

That there is present in the aniline molecule (also metliyhinilinet 
the so-called labile hydrogen atom can hardly be doubted and there is 
much evidence that this condition very strongly resembles that which 
exists ill the enol-keto tautomers. The absorption spectra of aniline and 
phenol arf3 of the same general type. The phenol absorption band in the 
ultraviolet extends from *291.6 to 243.1 /x/x heading about 2M ju/x. The 
head of the absorption band due to the enolie-ketoiiic condition in phenol 
lies about 10 g/x further into the ultraviolet than the head of tlie cor- 
responding band in aniline. The position of 'the aniline absorption band 
may depend upon the free residual ajffinity of the nitrogen atom. 

The aniline system of molecular arrangement which is synchronous 
with the light absorbed will therefore be expected to be much unore 
sensitive to, the sunlight than the phenol molecule, for the reason that 
the corresponding band in the latter lies nearer the ultraviolet limits 
of the sun spectrum and in regions of lesser intensity/^^ a conclusion 

®It was found that the oseiilation frequency of the light waves absorl>ed is 
nearly the same for all the substances examined, whether these eontain a hydrogen, 
glueinum, sodium or even a thorium atom in the so-called labile condition. Baly 
and Beech* Joi 0 \ Ohem. Boe* London (19=05),, 87, 766. , 

, Baly 'and Beseh, A«tropA|/«.' /oixm, (1906), 23,117. 

Lof^on (1905), 87r 1847. y ' ,y ■ 

' ' ^Investigations , of tropicAl sunlight which touch ' upon this ' ph^e' of the 
question' are being ' carried on by the writer ■ and ; will, be ready 'for' pafeHiA’tion' 
shortly, ' ’ , ' ; ^ . ' '''Vi; , ;; ' ' ', 
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wliieli is strongiy borne out by the facts. Moreover^ the aniline absorption 
band is of great persistence, that is, it is visible over a wide range of dilii- 
tionSj and this persistence is a measure of the reactivity and the number 
of molecules of the compound which are undergoing transformation at 


any moment. 

Since there is a labile hydrogen atom in the aniline molecule there are 
periods in the dynamic equilibrium when a group in the nascent condition 
must exist. A greater chemical reactivity can thus be argued from anal- 
ogy with other nascent substances. The ease with which aniline is oxidized 
in the sunlight in the presence of oxygen with the formation of cjuiuone 
condensation products, and the rapidity with wlaich azopiienine is formed 
in the sunlight in the absence of oxygen, argue strongly in favor of the 
view that there is a labile hjxlrogen atom with a well-defined tendency to 
vibrate in an equilibrium which can be represented by the Dewar for- 
mula thus 


NH, NH 



H iri. 


The formation of the groups : 


N- 


"HN* 


and 



from aniline either in the presence or absence of 


oxidizing agents under the influence of sunlight, which show a marked 


la this coaueetioa it may be well to recall that the various formulae pro- 
posed for the benzene nucleus merely represent phases in the motion of the 
molecmle. The introduction of 'groups into the' benzene nucleus may change the 
odnditiEm of the ring itself, (Kauffmann efc. al. have published a series of articles 
enti'Med '“Undersuchungen . liber 'das Eingsystem des Benzols^t' dmU&chm 

ahem. Ges. (1900), 33, 1725s Ihid. (1901), 34, m2', Ihid. (1902), 35, 3008; 
lUd. (1903), 36, 561; Ihid. .(1904), 37, 2612, 2941; lUd. (1905), 38, 789, 
794; and “Mectronentheorie u. Valenzlehre”, Phys. Ztschr. (1908), 9, 311. 
Benzene may be regarded to have the Baeyer- Armstrong, 
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tendencT to form para comlensaiion products and are all pre^err in 
azoplieiiiue^ 



can be thus accounted for. 

The oxidation reaction may be represented as follows : 


HN: 



i 



or 




and 
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Tlie foriiiation of benzene ^vill result from a rearraDgement of the group 



re-euilile the methylene condition and are capable of various condensa- 
tions and reactions in a manner similar to that attributed to the latter by 
hTef. 


The group 



vdll probably react in its most stable 



The various products which have been found to result from the action 
of sunlight either in the presence or absence of oxygen are thus readily 
accounted for. 

The analogies which the group >]SrH shows to >0 have been brought 
out by E. C. Franklin in his work on liquid ammonia. Baly., Tuck and 
Marsden/^ from thmr investigations of tlie absortion spectra of certain 
compounds, note "^a striking analogy between the ainino- and -OETa 
groups/' 

The absortion spectra of methylaniline and dimethyianiline in alco- 
holic solutions have been measured by Baly and Collie and by Purvis and 
in the liquid and vapor states by Purvis. It is noteworthy that, the sub- 
stitution of the hydrogen of the amino group of aniline by an alkyl elim- 
inates all of the bands found in the absorption spectrum of the vapor. 
The general ultra-violet absortion of monomethylaniline begins, at 
temperature 14^ and pressure 755 millimeters, at 250 /a/a and extends to 
016.5 at 100° and 9B1 millimeters. The absortion of dimethyianiline 
varies, if at^Sill, only slightly from methylaniline. 


Tn,'the liquid state, these compounds show no absorption bands and the 
/general absorption varies' with the thickness of the layer, 'from 801 /x/x 
at 0-050 milLimeter to 325 fifi at 0,001 millimeter. 

In solutions the heads of ttie, hands of aniline, methylaniline and 

dimethyianiline Ke at —0510 (284.9 /x/x), 3450 (289.8 /x/x), and 
3?espeetively;®®^ dbBie state- • 
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u--:. difference between the persi'.tence of the bands in the throe 

cases is very marked. * "h The absorption curve of tire dimetlivl componnd 
shows also the second benzene band to a small de^gree with trie broari band 
characteristic of the second type^, which is a further evideiiee that the sub- 
stituting groufJ has nearly been saturated. Xlie two methyl ^.•onipoinids. in 
presence of hydrocliloric acid, give a very similar speetnun. as does aniline 
hydroehloride.-'" 

From these considerations it i.s to be expected that the dxatioiL oi the 
aininie hydrogen of aniline by the methyl group trill decrease the siiscep- 
tihility of the eompoimd to the action of light. I have found t-iai the 
rate of coloration of aniline in the siniligiit is greatest, nioiionieii phi- 
aniline less and dimetliylaniline least, if the latter is at all susceptible. 
Metliylaniine has been identified as one of the reaction products of 
monoinethylaniliiie. 

A^'ariations in the rate of coloration due to the pressure in die sealed 
tubes lias also been noted, although my observations upon this point are 
not entirely satisfactory and further experimental work will be required 
to settle the question entirely. In atmospheres of hydrogen at pressures 
ranging from that of the atmosphere to about 1 millimeter, aniline 
colors more rapidly in the tubes containing the greatest pressure. Little 
or no differences tvere discernible in the tubes containing methyl and 
dimethjdaniline. The differences in the coloration of the aniline tubes 
were so marked that tlie experiments were repeated with the same results. 
While the explanation of this phenomenon at this time is not clear it is 
worthy of note that Piiiwis,-^ in liis investigations of the absortion spectra 
of the vapors of aniline, methylaniline and dimetbylanilinej lias observed 
that the effect of increasing the temperature and the pressure of aniline 
vapor is a strengthening and widening of the bands with the appearance 
of new hands on the side of the larger wave lengths and a shitting of the 
3*egion of complete absorption toward the red, while at constant temper- 
ature a decrease in pressure produces a weakening, naiTOwing, and 
sharpening of the bands and a shift in the region of complete absorption 
''toward the shorter wave lengths. While none of the hoiuologues of 
aniline, show any of the bands characteristic 'of aniline, the same shifting 
of the region of complete absorption on change of temperature and pres- 
sure, are moted. 

. ' . While every, precaution was taken to seal pure aniline in the tubes, 
described in the 'expeiimental part/I am not prepared to state that, th,e 
r,ate of coloration' is not effected by impurities which may be derived 
from, the glass, for example iron compounds, , 

,Lts 'coiivertea beRKoie acid into salicylic acM by exposure to, stev 
presence of ferric -or ferrons snlpliatew' 'In -Berlin ^ IS per cent was 
,,-©pnwtte<l m'lsixteen days 'white in ODmerito/ altitude' -of meters, 

■ ■ - ' - ,'oih, '-I,' ' ;:,i ■<' 'i ' 

■ Zf^kr, CI0I0K 271, . ;y 
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almost twice the time was required to produce the same result. While Neuberg 
does not account for this difference it is possible that the lieat factor may be 
responsible. 

The glass from wliicli the tubes were made was colorless and permeable 
in the ultra-violet as far as A =285 ja/t which is a region beyond the limit 
of the sun^s spectrum. 

In atmospheres of carbon dioxide at various pressures the coloration 
of aniline is in the inverse ratio to that found in liydrogen atmospheres. 
The tubes at reduced pressure color more rapidly than those at atmos- 
pheric pressure. The explanation of this phenomenon appears to lie in 
the acid character of the gas which will tend to reduce the susceptibility 
of the aniline molecule to the action of light. Carbon dioxide can not be 
regarded as a gas indifferent to aniline, and the explanation of the 
phenomenon can not be that it acts as a photo-chemical inhibitor in the 
sense of the theory advanced by Chapman and MacMahon.®'^ 

EXPBRIMEKTAL. 

The aniline employed in these experiments was obtained from three 
different sources and was purihed by several different methods. 

i?w’St-r-AcetaiiiIid, purified by recrystallization, was decomposed by potassium 
liydroxide. The aniline was distilled with steam, separated from tlie water by 
extraction with ether, and fractioned several times after the ether was expelled. 
Portions of this aniline were further treated with acetone by the method of 
Hantzsch and Ffeese which is designed to remove sulphur compounds. The 
final drying was accomplished by distillation over sodium. 

Second. Kahlbaum’s aniline, from the sulphate, was purified by distillation 
and only the middle fractions of constant boiling point were employed. Portions 
of this aniline were further purified by the method of Hantzseh and Freese. 

Third. Nitrobenzene, made from thiophene free benzene as a starting point, 
w^as reduced by tin and bydroehiorie acid and the resulting aniline purified by 
distilling in steam from potassium hydroxide solution. The aniline was extracted 
with ether, fractionally distilled, and finally dried by distilling over sodium. 

I have Bot been able to observe any very great differences in the be- 
havior in sunlight or in the compounds formed in these samples of aniline, 
.'altliQUgh'sonie of the samples obtained do, color more rapidly than others. 

'' ' AKlpblNE' IK TAOtrO. ' ' 


Purified aniline was distilled in a small glass bulb, drawn out as shown in 
figure I, until the air was completely displaced and the entire apparatus filled 
with aniline vapor. About 5 cubic centimeters of liquid aniline were then 
condensed in the tube d. With ihe, of the tube f dipping under mercury, to 
prevent the entrance of air, the tohe d was removed by sealing at the points c 

^ sealed 'iSh ’fce the exception ^ that the 

portions *of the 
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Fig. 1. 


Botli of these tubes irere placed in the sun upon a white porcelain 
plate^ one on June 9 and the other on June 15, 1909. Since they both 
behaved in exactly the same manner and the same experiments were 
performed on each with the same results,, one description will suffice 
for both. 

Coloration of the aniline commenced at once in the sunlight and was 
of a light yellow hue in a few minutes^ int-ensifying with the time to a 
brilliant,, dark red. At the time of opening the tubes, one on August 3,, 
1909,, and one on August 9, after fifty-five days, the color was a very dark 
red of such great intensity that a layer 0.25 centimeter thick appeared 
black either by transmitted or refiected light. Yery thin layers were a 
deep brilliant red. 

The points of the tubes were broken under mercury in order to test the 
vaeiiiim. The mercury 'rose into the tube completely filling tlie vacant 
space and showing no trace of gases. 

Small portions of the aniline were placed in small crystallizing dishes 
in a vacuum desiccator over sulphuric acid. In about one week beautiful 
ci^stais of azophenine began to separate. The large crystals measured 
0.18 'millimeter , and the chaxaeteristie twins formed in large numbers. 
Continued crystallization until the mass was solid 'failed to reveal the 
P’r^nce of any solid other than azophenine. I*do,not think that any 
other solid was present^ except perhaps^ in', the most minute for 

the perfect azophenine crystals oontmued to, 'separate, so long^M any liquid 
'present \ ^ . , ' ' ' ' , '' ' ^ 

Tests for, ammonia gave positive resu&; ^ Irene made; 'f hr 
'benzene,. ' " ' , ', .''hr- ''Vv : 'i r',',: ' 
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AKILINE IN' DIIY HYDROGEN, HYDROGEN AND itOLSTURE; AND 
DRY OARBON-DIONIDE. 


Fiiriiied aniline wa? sealed in atmospheres of dry liydrogen, moist 
hydrogen and dry carboii-clioYide by means of the apparatus sIioyai in 
iigiire 1. The manipulation -was the same as previously deseribod except 
that the tube a Y'as not sealed^ but during the distillation uuis euunecdxat 
YU til a current of the desired gas. The gases ivore purified by the 
pi'oper Rhsorhing and drying chains. 


Tube 

No. 

Gas. 

In sunlight. 

From— 1 To— 

1 

Drv hydrogen 

June 4, 1909 June 17, 1909 

2 


do j Do, 

3 

do 1 

June 10,1900 I Aug. 3,1909 | 

4 ^ 

do - 

June 15,1909 | Do. j 

5 

1 Hydrogen and moisture 

June 11,1909 ! Do. ' 

6 

j Dry carbon-dioxide 

June 17,1909 j Do. ' 


j^uinbers 1 and 2 colored in one-half an hour and finally became a 
brilliant red. lumbers 3 and 4 Y’^ere not observed in the initial stages 
of the coloration. They finally became very dark, brilliant red. ISTumber 
5 became reddish-yellow and number 6 yellow. 

ANILINE IN EULL TUBES. 

Two tubes, as full of purified, colorless aniline as it was possible to 
seal them, were placed in the sun upon a white iiorcelain plate on 
August 9, 1909. The pressure, due to the expansion of the aniline in the 
heat of the suu's rays broke one of the tubes. The other was opened on 
August 2, '1910. 

These tubes showed a slight yellow coloration in less than one-hour^s 
exposure to the sunlight. The unbroken tube after almost a year’s 
exposure to the light was red in eolor. 


Tbe contents of the tub© measured 45 cubic centimeters. A first portion 
of 10 cubic centimeters was heated in a very small distilling flask, the delivery 

tube of which dipped under 5 cubic centimeters of ? hydrochloric acid, colored 


;with^, a' drop. ; of 'methyl orange An a test tube. As the 'temperature of the 
:aailthevtose^ ■ evolution of gaa' took place. Before. the boiling point was reached 
and before any but the smallest traces of aniline could have passed over, the heat 
was removed. The top layers of the hydrochloric acid solution became alkaline 


as shown by the change in color of the indica^tor. On shaking the solution it 
was found still to be acid. This solution was evaporated over calcium chloride in 
a desiccator at room temperature A tn a x onium chloride crystals separated and on 
treatment with potassium hydroxide solutidn the unmistakable odor of ammonia 
Stroll^- 'Jfe ddo*f of was; doteefed. ^ 

dtfbmd ’ W; nniil, a|>oidt twenfy^ ' drops of aniline had 

ihtd fjhe pC aniline was then repaoved 

fey titrate eyaporated to 

a i^lprSde cn gentle 
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iieatiiigj and on treating with a few drops of potas'^iiim hydroxide gave a strong 
and iiiiniistakable odor of ammonia. The small amount of anilir.e salt present 
did not interfere at all with the tests, 

A third portion, was heated in a distilling ilask veiy slouCy and eareidilly 
until 0.5 cubic centimeter had passed over. Thi:^ distillaie on !iiiratiu:i dwelop'-'di 
the charaeteristle odor of nitrobenzene. A control experiment in which an 
equal quantity of pure aniline was treated in the same way developed no odor of 
nitrobenzene. 

A fourth portion was distilled in the same maiuter and the first- three dngjs 
collected. The refractive index of the distillate was decidedly lower than that 
of aniline and on nitration the odor of nitrobenzene vns quite strong. 

A fifth portion of 2 euljic centimeters was evaporated in o. vacuum desiceatca' 
over suipiiurie acid at 30 degrees. Crystals of azopheiiiiie separated after ten 
dav's. 


ANILINE, IdETHYLANILINE., AND DlilEXIirLANILINE SEALIiD IN AlEdOS- 
PEIERES OF ILYDEOaEN AND CARBON DIOXIDE AT DIFFERENT PEESSEKES. 


Since I have shown that one can not be certain of preparing pure 
aniline by distillation in contact with atmospheric air or in the light, an 
apparatus was designed to avoid these sources of undesirable influences. 
This apparatus is pictured in figure 2 . 

The hydrogen made by the action of pure, dilute sulj^hiirie acid on 
pure zinc was purified by passing' thro ogli alkaline pyrogallol, a wash 
bottle of concentrated sulphuric acid, and then into the chain of apparatus 
shown in figure 2 . 


A is a wash bottle of concentrated sulphuric acid, Bs are tubes of phosphorus 
pentoxide with plugs of glass w-ool at the ends. The hydrogen, thus purified, 
then comes in contact with the aniline in the flask C. The purified aniline, 
which finally has been dried by distillation over sodium, is distilled into C through 
the tube at the top, a small amount of metallic sodium in a glass rod®® is 
introduced and the tube sealed. The hydrogen euri'ent is then turned on and 
the entire apparatus thoroughly dried. With a slow current of hydrogen passing 
through the apparatus the analine in € is distilled. The first fraction is 
passed into B by means of the three-way stopcock D and only the middle 
fraction is collected in F. From F it is again distilled into the tubes 
Gy S and I. Two fractional distillations, one over sodium and one without, in 
a hydrogen atmosphere are thus obtained. The tube G is then sealed oif at 
atmospheric pressure. A Sprengel mercury pump sealed on at L was then started 
and the tube B sealed off at 200-milUmeter pressure and the tube' I at the hmt 
vaenum' obtainable under th'O conditions, about 1 millimeter as shown by the mano- 


' A. , The entire ' apparatus shown in the figure from, mercury pump to 

hydrogen ' generator' was connected' by glass seals. No outside^ air could 'possil^iy 
enter. The , only possible opening ' was the stopcock i>. TMS', ; however^, ' was 
exceptionally 'tight , 'and ' was ■ always subject to a pressure which was greater da 
4he inside Thah the; outBide. ^ , y <; , ^ ' y; . ^ ^ 

' ^The '^»rbon dioxi^^ akaospbCre was .em'ployod' aamd" ahMuer. 'The 'gas». 

'% .'the, action 'Of hydrochloric acid on marble, was purifi^ by passir^ 
y^o^h a ' ,wa A .bottle of distpled water, two botMes of pur®, «x»eo«trated 
Sulphuric acid and then into the ehaiU' of apparatus shown it tho %ure* , 


»''The m^hod of handling 






In ^ 




\ '*■ 4'! ' 'Ml' 
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Fig. 
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During the distillations, tlie aniline in tLe apparatus wa:: proieiNel 
froin the action of the ditTused light of the laboratoi" D' Yrrappin^,*' of 
asbestos paper and black paper. The entire work of di^^tihaLion arai the 
sealing of the following de-cri]*ed tubes were fortnnatrlr undertaken at 
the beginning of a severe rain winch fasted about ten davp. tfia: the 
diffused light was at a minimum and the working conditions almost ideal. 
Since 18 different tnbe^ were sealed, the apparanis had to be rebuilt -ix 
times. 

The methylaniline and the dimetlivlaniline employed were Ivahylljaum's make 
purified by fractional distillation and final drying l.y distiilaiion over sodium. 
No especial effort was made to produce absolutely pure samples and I believe that 
the djmietliylaniline contained traces of the nionometliyl and perhaps -on.e other 
impurities. 

The following eighteen tubes were fastened on white paper and put 
in the sun at the same time ?.40 p. m. on September 30^ 1910. 


No. 


Labor- 

atorv 

marks. 


Pressure, 
m milli- 
meters, 
111 tulie 
when 
sealed. 


.\pp*^aTanee oi 
the tube at the 
end 01 ‘‘ixty 
da>s’ exposure 
tu Fun 


.Vniline parified by method of Hantzbch 
and Freese and sealed in hydrogen. 

Very dark red, 
almost purple. 

Aniline from thiophene free benzene 
scaled in hydrogen. 


761 j 

200 I 


4i 

23a 

760 h 

j (Darkest. 

5 1 

23b 

200 , 

lRed_< Medium. 

6 > 

23 

1 1 

1 tightest. 

7 ^ 

X 

760.3 ] 

(Darkest. 

, « 1 

y 

200 

>Red J Medium. 

1 ^ 

z 

J 1 

t Lightest. 


Aniline purified by methoKl of Hantzseh 1 
and Freese sameaa tubes Nos 1. 2, and | 
3 and sealed in carbon-dioxide. 


10 

14 

759.6 1 

Yellow. * 

n 

14a 

200 

Reddish-yellow. 

12 

14b 

1 ! 

Red. 1 

Mon oxnethyl aniline sealed in hydrogen. 1 

IS 

16a 

757 

1 BrilHant dark j 

14 

16b 

200 

[ red. ^ 

1 15 

24 

1 

1 

I Dimethylaniline sealed in hydrogen. j 

\ 1# 

20 

757.4 

1 ' 

17 

ate 

200 

tliighl yellow. i 

. , M 


1 

J ! 
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Tubes numbers 1, 2. and 3 coloied most rapicllv, a light jeliow color 
being visible in seven minutes. Very slight differences were noticfvible, 
but if any distinction i^ to be made number 1 coloied most rapidly. In 

e days these tubes v ere a hrilliant. dark red. 

Tubes, numbers 4^ 6, b, S and 1) colored more slowly tliaii the tliicc 
first mentioned and \ery disiinci diffeience^ weio notu cable. Those 
under reduced pressure colored more slow U than those at almosphenc 
pressure. 

Tubes niiinberb 10, 11 and l'^ coloied slowdy and in the leversc oidcr 
of the tubes sealed in an atmosphere of h}drogcn. The tulies at reduced 
pressure^ containing less carbon-dioxide, colored more rapidly than the 
tube at atmospheric pressure. A pecidiar difference from all the other 
tubes was noted in these thiee. The coloration produced by the first day’s 
exposure (of twm hours’ duration) entirely disappeaied during the mg hi 
while the tubes were standing in the dark. The coloration produced 
during the second day’s exposure did not disappear during the follow- 
ing night. 

Tubes numbers 13, 14 and 15 showed a light yellow color in one hour 
and in five days were a blight red color. 

Tubes numbers 16, 17 and 18 remained colorless for five days. At 
this time a faint yellow became visible. The color deepened veiy slowly 
and at the end of sixty days was still very light. 

At the end of sixty days’ exposure some of the tubes were opened and 
the results of a study of the reaction products agreed with the those 
already recorded in other experiments on aniline. Methylamine was 
identified in tubes numbers 13 and 15. 

Small quantities of tbe red mouomethylaniline weie distilled and the distillate 

collected in an solution of hydrochloric acid. The acid solution was evaporated 

spontaneously in a vacuum desiccator over calcium chloride. On treating the 
residue with a concentrated solution of potassium hydroxide, alkaline vapors 
wore given off which had the chaiacteristic odor of methylamine. 


SUMMAEY. 


I. Aniline^ purified in a number of diflei^eni ways, and sealed in the 
l^tmosphere of m indifferent gas, or in vacua, colors in the sunlight. 

IT The products forihed by the reaction are a^ophenine, benzene and 

anrootehL 


.III. The red coloratioti te eargsed by azpphenine in solution. 

TT. ^'The prre^snre of fihe gm iu the tube has some influence 

oolorayum f , f I / 1 s, I i ^ ^ 

j,f dIoxi& m rtcAai hM a tendency to 

llJ' I ^ j ^ 1 ^ ^ , ’ 
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A II. lletliylamine was identified as one of tlie reaction nrodncts of 
inetii}da]iiiine. 

VIII. DimetliYlaniline showed only slight coloraiion aiiier sixty days' 
exposure to the sun. and it is quite proljable that this was due to im- 
purities since no special methods were employed to purify this coni- 
poimd. 

IX. The former work, showing that the hxation of ilie labile Iiydrogeri 
atom or atoms reduces or entirely destims the sensibility of cornpoiinds 
to chemical changes produced by light catalysis^, is substantiated hr the 
behaTior of aniline, monometliylaniline and cliinethylaniline. 

X. The behavior of these compounds furnishes additional proof that 
the tropical sunlight of this locality is more intense, or more active, trian 
the sunlight of the temperate regions or higher latitudes. 




ILLUSTRATIONS. 

TEXT FIGURES. 

Figs. 1 and 2. Diagrams of appar-atus employed for purifying and sealing aiiiline 
in atmospheres of various gases and in mcuo. 
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THE NATURAL DYES AND COLORING MATTERS OF 
THE PHILIPPINES. 


By Benjai^iix T. Beooks. 

[Frovti the Chemical Laloratory. Bureau of Science, Manila, P. I.) 


INTEODUCTIOJ7. 


The folloiving notes on the natural dyes and coloring matters occurring 
in plants growing wild or cultivated in the Philippines take the form of 
an inquiry into the economie possibilities of the local natural dyes and 
include brief notes on those already well known, together with new data 
on some substances which have been very little investigated. ]\Iaiiy of 
the more valuable dye plants occurring here are also found in India or 
other tropical countries and have been investigated by xk. G. Perkin, 
Eiostanecki, Hiipe, and others. All of the most important found in the 
Philippines have been studied previously. In view of the generally 
diminishing commercial importance of the natural dyes and the decline 
in their use even locally, an extensive research on other Philippine dyes 
has not been attempted. 

The principal natural dyes which have not as yet entirely been dis- 
placed by the artificial ones are annatto, old fustic or morin, natural 
indigo, Brazil wood, logwood, quercitron bark and camwood. Of these 
the Philippines possess the first four. 


H. 0. Winstedt^ writes that in the Federated Malay States the eoal-tar dyes 
have almost entirely supplanted the natural ones. He states that natural indigo, 
turmeric, mangrove bark and stick-lac are still used to a small extent. 

: Crawfurd'® gives, a, list of' the more important natural dyes used hy the 

natives ■ of Java. ^ Of those mentioned, all occur in the Philippines with the ex- 
ee^tlb^nlof the yellow from, th^ lac insect. 


The natural dyes are used locally by the Pilipinos in staining mais and 
certain textBes. Food products are also often highly eolored. 

post oommonlj used in the Philippines for ^ the manufacture 
of textiles , we hemp, particulwly the fine filers frem the inteiov of the 
Stocky pineapple £1^, imported ramie or GMna cotton, and silk- 

0mt. Fed. KmtSm IPpupw ^ 

* Dictionary of XnPan lahpSsw Jjmim > C ^ > A J ' ’ 
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Since hemp, pineapple, and ramie fibers are dyed witli dilficnltj, colored 
threads of cotton or silk are often woven into the cloth. Large quantities 
of goods made in this way are barred from free entry into the ITiiited 
States since the cotton and silk do not originate in the Philippines. 

The careful selection and use of the best synthetic dyes which have been 
shown to be particularly adapted to hemp and other hard fibers would 
undoubtedly be a benefit to the industry. So far as I have been able to 
ascertain, the emplo 3 ’’ment of Turkey-red oil and tannin-antimony 
mordants and the developed colors, such as those obtained from primii- 
line, is unknown. 

The coal-tar colors handled by the Chinese traders are invariably cheap and 
easily applied. Eosin, fiichsin, rhodamine, methylene blue, and malachite green 
are probably the most common. Perhaps because of their brightness they have 
found favor with the Filipinos as many of these cheaper coal-tar colors quickly 
fade in the sunlight. 

THE ACTIOH OP LIGHT ON NATURAL AND SYNTHETIC DYES. 

In a report ® on the action of light on dyed colors a committee of the British 
Association, Section B, states that annatto and turmeric fall among the class 
of the most fugitive dyes, the color almost disappearing in three weeks while 
old fustic from Chlorophora Unoioria Gaudich. {Morns tinctoria L.) showed very 
marked fading in thirty days. The fugitive character of many natural dyes is 
readily understood in view of the phenolic character of the majority of them, 
Thus Gebhard"* has recently shown that in the alizarine series the inti*oduction 
of hydroxyl groups increases the sensitiveness to light. 

J. J. Hummel ® states that turmeric, catechu and indigo carmine, on wool, 
are quickly faded, and Brazil wood and young fustic on all mordants. Old fustic, 
weld, quercitron bark and Persian berries give fast colors on chromium, copper 
and iron mordants, but are fugitive on tin and aluminium. The fugitive char- 
acter of the natural dyes is much more marked when dyed on cotton than on 
wool or silk. The madder colors on Turkey-red oil and logwood on iron and 
tannin are undoubtedly the fastest of the group. 

I exposed several of the more common natural dyes to the direct sun- 
light of this locality. Cotton deeply dyed with turmeric faded entirely 
, days. ,For comparison,, samples of wool dyed with eosin, rhoda- 

'''himne,,ii:iethy|:wiolet, Bismarck brown and orange II were exposed with the 
natural dyes. rTumeric was:' faded more quickly than' eosin, one of the 
most fugitive of the coal-tar dyes. The yellow dye, berberine> turned 
to a brown tint and was not faded after two months^ exposure. The 
brown khaki shades from ipil (Xntsia Ujuga 0. Ktze.) and tangal wood 
{Gefiops tagd C. B. Eob.) wescO fa^t^ no change being noticeable in two 
monfiis, while Bismarck brown wae destroyed almost entirely in the same 
ether dy^i flummel, save that all 
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N’eyertlieiess, native Textiles colored with natural dyes generally hcive 
the reputation of holding their color. Thus, indigo blue, the yellow of 
berberine and the gi-een of the combination of ilie two which is comnionly 
used by the Ilocanos, are relatively very fast. The dark red color, liaiieiido 
{Ilorinda spp.) (or mang-Jcudii, Malay), employed by the natives of 
Java for their celebrated hand-printed cottons and also niiicli used by 
the Moros, is very fast. 


THE DYEIXG- OE OEEEX COLORS. 

The green stains used by the Filipinos are produced by mixing a yellow 
with a blue dye, or, in many cases, they are simply diloropliyll. In 
staining with capsicum, the leaves are poimded to a pulp in a mortar and 
the cloth soaked with the pulp. 

The plant most commonly used for stains, Capsicum fndescens L., 
or sil% Tagalog, contains no green other than eliorophyll. A. Ct. Perkin 
isolated a coloring matter of the alizarine series from the Indian species 
Piper cliaha Hunter. The two species Rhamnus utilis Bene., and 
Rhamnm cliloropliora, Bene., which yield loka'in or Chinese green, do not 
occur in the Philippines. 

INDIGO. 


The decrease in the quantity of natural dyestuffs produced is well 
shown in the case of indigo, one of the most valuable of the natural dyes. 
It was formerly extensively cultivated in the Philippines, but at present 
none is produced for export. Two species, Indigofera iinctoria L., and 
Indigofera suffruticosa Mill. (=1. anil B.) are still grown to a small 
extent for local consumption. In the province of Ilocos Norte, indigo 
is employed by the Ilocanos for blue, and, together with the yellow dye 
from the species Mahonia nepalensis BG., for green. 


Mach the same decrease is also shown in India where the area under enltiva- 


tion for indigo has diminished in the last five years from 194,880 to 85,840 
hectares in 1909-1910.® Synthetic indigo appeared on the market in IS97. At 
this time natural indigo bine brought from 8 to 10 pesos (4 to 5 dollars United 
States currency) per kilo. In 1905 the price had fallen to three and a half to 
four pesos per kilo.^ The Natal-Java indigo recently introduced® furnishes a 
superior yield and this fact, together with the recent ' researches in this field by 
A* ;-G. Perkin and others, has somewhat revived the interest in natural indigo. 
Perkin has. stated that certain natural dyes may yet be produced cheaply enough 
to compete with the coal-tar colors. 


^Journ, So€, Vhem, Ind, ( 1909 ), 28 , 1243 . 

’ ^S«duntd% Julius. Bpnthetisoh-organische Ohemi® der Braunschweig 

iimh 4 #-'^ 

Jnd. (IfilO), 29r 264. Jemm. Ohem. Bm, Dowfcit (1910), 

3k Java Hochst. has tieen mad© in prodiu» fwo 

to three iimm Aemiding in A. G. Perkin, 

the method ^ 3|i^E3i)4^ new hotruihte pro«ss. 
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BEBEERINE. 

Several plants whieii yield berberine are used tlirongiioiit tlie Indo- 
Malay region for dyeing j^ellow. In the Philippines^ Archangelisia lem- 
niscata Becc.^s (alhidra, Tagalog) and Mahonia nepalensis DC. (conig, 
Ilocano) are employed for this purpose. Toddalia acideaia Pers., (danag, 
Tagalog;) is used in India as a source of yellow dye and on investigating 
it; A. Gr. Perkin^ found the yellow coloring matter to be the alkaloid 
berberine. This plant is common in the Philippines, but so far as is 
known it is not used as a dye by the people. Cloth colored with berberine 
does not show as bright a yellow as that dyed with turmeric, but the dye 
is much less changed by light. 

The presence of berberine in the two Philippine species Archangelisia 
lemniscata Becc. and Maliomia nepalcnsis DC., wuis shown by pre- 
cipitating the characteristic brown periodide, l^y forming the acetone 
compound, and by the color reaction with chlorine water. 

OARTT-IAMIN. 

The Pilipinos cultivate the safflower, Qartlianvm iinciorkis L., (Mi- 
sumhaf Tagalog,) and use it to a small extent for dining yellow and red 
shades. It contains two coloring matters, earth amin a red 

dye, and a yellow coloring matter about which little is known. The 
flowers are sometimes fraudulently mixed with saffron, or crocus. 


TURltERIC. 


One of the best known natural coloring matters is turmeric, a yellow 
dye obtained from the rhizomes of the species Curcuma longa L., (dilao, 
Tagalog.) It is used in dyeing silk and rarely for coloring butter. It is 
a constituent of Indian curry and is used by the Filipinos in staining 
mats and in coloring certain food preparations. It is sometimes employed 
in dyeing paper pulp, but its extremely fugitive character renders its use 
in this connection objectionable. The employment of turmeric as a 
reagent for'boric add is .well 'known. 


^;Tuimeyic'%' pot 'exported from the Philippines at the present time. 
The value of the importations into the United States in 190"/ was 26,252 
dollars, the greater part being froni Burma. 

Jackson aad Clarke ^ Rave receaitly published several papers on the constitu- 
tion of eareunaSn, the yellow dye of turmeric, and for this reason lurther 
investigation of it wsLs not undertaken. The plant is said to contain very small 
, ^ m aHWdf but been studied thoroughly. 

Ay ' ” 

25, m 
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ANXAXTO. 


The seeds of the amiatto, Bira orfjlkuui L., (aclairte, Tagnlog.) 
tAvo coloring matters, bixiii and orellin. These substances hav*-j /<eeri 
studied by Steiiid^* ^larchleAvshi/"" ZTidek and von Hasselt.'*' 

The orange -ye How extract, knowii lo tlie trade as amiatto, is nse-l 
extensively as a butter color. It is not expmted irom the Philip pines, 
although it grows abundantly in these Islands. The plant is easily 
cultivated and full crops may be obtained after three or four years.^* 
In 1908 the seeds brought 4 penee^, or about S cents Thiited States 
citiTency, per pound on the London market. The United States' supply 
is gi'oun. in the West Indies. 

Aniiatto is of very little value as a dye for textiles a- it fades very 
qiticldy; it lias often been used to adulterate the Avell-kiiOAvn dye kamchL 
and vice versa. 

FLOWERS USED FOR DYEING. 

Ill the ease of flowers such as those of Acacia farnesiam AYilld., or the 
cassie flower and champaea, Mich el ia champaca L., which contain yellow 
dyes^ the value of the perfumes yielded by them most certainly precludes 
their use^ even loealhy as soiirees of dyes. 

The flmvers of tw'o species oeeiirring in the Philippines have recently 
been investigated by A. G. Perkin d® Hibiscus sahdariffa L.^ yielding three 
yelloAV coloring matters, gossypetin, a coloring matter probably allied to 
quercitin, and qtiercitiii, the latter being the well-knoAvn dye of oak bark. 
This plant is cultivated locally. The flowers of Tliespeskt lam pas D. & G, 
also contained quercitin as their principal coloring matter. 

Hennay alba Lam., is a common Philippine dye plant. It 

has sometimes erroneously been called alkanna. However, the use for 
dyeing purposes of this plant as vreli as of true alkanna (AncMisa iinvimla 
Linn.) has practically ceased. 


MORIN, 


The tree commonly known in India as the jak fruit, Ariocarptis^ mie- 
grifotia L. f., {nangca, Tagalog,)' oecum in die Philippines , and the wwl 
is 5-binetixnes used in dyeing yellow, shades,, bnt it is valued 'mostly 'for^ its 
fruit, , The 'dye is, morin, or the same' 'as that contained jn I^olcl, festic.^’ 


^Journ. f. praht, cJiem. (1867.}, 102 , 175. 
^^Ohmn. Zentram. (1§06), 2 , 1264. 
^Arch. d. Pharm. (1900), 238 , 60, 
Zmtr^U. ( 1900 )^ 2 , 627 , 
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INDTAIT YELLOW. 

One of the natural coloring matters which has long been known is 
Indian yellow or piurL It is obtained from the urine of cattle which 
have been fed on the leaves of the mango tree, Mangifem indica L. The 
chief coloring principle is enxanthie acid, which has been much used as a 
water color. The same dye exists in the ripe fruit, as I liave been able 
to prove by means of its characteristic reaction with iodine. According 
to Hooper/^ the hark contains 16 .'! per cent of tannin, which accounts 
for its use in dyeing black shades. 

KAMELA. 

The powder obtained from the exterior of the seeds of MaUotus pliilip- 
pinensis Muell. Arg.^ (banafo, Tagalog,) is valued both as a dye and for its 
medicinal properties. In India it is employed as a color for silk and also 
as a purgative and vermifuge. The Filipinos do not seem, to be ae- 
quainted with its use^ but Tavera mentions its employment as a drug. 
The red coloring matter^ rottlerin^ has been investigated by A. Gr. Per- 
kin^^ and others. The dye is fast and of a fine, bright color. In 
dyeing.with either kamela or annatto an alkaline infusion of wood ashes 
is used to dissolve the coloring matter. 

BAI^OUDO. 

The wood and roots of Morinda citrifoUa L., M. dracteata Eoxb., 
and M. umhellaia L., yield a beautiful, brownish-red dye which is com- 
mon ti^roughout the Indo-Malayan region. It is the well-lcnown dl 
dye of India and the mang-lcuda of the Malayans. 

Thorpe^ Greenall and Smith ^ obtained the crystalline glucoside inorindin from 
Mm’inda GitrifoUa L, This glucoside splits readily yielding the dye morindone 
and an unfermentahle sugar.®* 

A. 0. Perkin and Hummel ^ isolated eleven distinct substances from the crude 
dye extract. Five of them were shown to be anthraquinone derivatives. Perkin ““ 
states that the morindin from Morinda oitrifoUa 1 j. and Morinda wnhellata L. 
probably are not, identical. 

^ ; ' Owing ^ to' the fact that several' dyes occur together in the crude extraet, the 
"'s^hades: obtained, on fabrics are not always identical. ThC' colors vary from bright 
oranges to dark, brownish reds. Perkin and Hummel state that on calico 
mordanted with aluminium and iron the colors obtained are fast to soap and 
are very similar to those secured by the use of madder. Wool and silk are 

d^ed directly from solutions made slightly alkaline by wood ashes or other 

......... 
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Tlie dye is not commonly used by the Filipinos^ probably for the reason 
that it does not directly dye cotton. Cotton mordanted Tritli iannin is 
colored a dark red. In India the rntTobalans. trliich are used in one stage 
of the process^ furnish the necessary tannin. The dye was formerly 
widely used in Java and India as a fast red for calico, but its cultivation 
lias greatly decreased. 

The barks of several species of trees said to be used in dt’eing blacks 
or bines were examined and the value of nearly all of these specimens 
was found to be due to the tannin contained in them. Thus Terminalia 
nitens Fresh TerriiuiaJia catappa L., Pieroipermum nireum Tid., 
Pygeurn preslii Merr.. 2lacaranga icmarim l^InelL-Arg., Ceriops iagal 
C. B. Eoh.j Acacia rugata Ham., Xylocarpus ohovatus Jnss.^, and Eliretia 
huxifolia Eoxb., contain a greater or less quantity of tannin, but their 
tinctorial power in most eases is very slight. Soaking in mud is a eoni- 
mon practice when the natives desire to dye black with these barks. This 
doubtless finds its explanation in the formation of black iron-tannin com- 
pounds. By virtue of the tannin contained in them^, these barks are of 
some value when used as mordants for other dyes. The bark of Oro- 
xylum indicum Yent. is said to be used as mordant^ but the specimen 
examined contained only traces of tannin. 

Betel nuts or the fruits of the areca palm, Areca catechu L., are the 
source of a variety of catechu, known as Bengal catechu; they are used 
by the Filipinos to produce red and black shades. According to 
Ishikama the nuts contain about IS per cent of tannin, which explains 
their employment in dyeing to black shades. 

THE BLAOE: COLORING MATTER OE EBONY, 

Several species of the Ehenacem are used by the Filipinos to give, black 
shades; these are entirely different in character from the tannin-iron 
colors. It has been suggested that the black coloring matter in the dense, 
black heartwood of certain of the comioercial ebony, is prob- 

ably an insoluble iron-tannin compound. Any ' uncertainty on this 
point is removed by the fact that tlie ash of the black heartwood is ' white 
and contains only the smallest traces of iron. Kaspings of the Mack 
wood ‘and the white wood growing next to it were extracted ' with hot 
; water ‘'and' with a 1 per cent alcoholic solution off caustic', soda, but no trace 
of tannin could be detected in the extracts. 

ascribed tbe black coloring ' matter 'Of ebony ,, Wood' 'to 
, j by d pyocefes of bumifi^tion 'with th© forihktion of htnnns 

' ‘ip, : . .... ... 

'* 0itimsis6i*i WiW. OS79), 80, 1, M. 
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T,Ue black coloring matter is deposited in niiieli the same way as resin., 
namely in the heartwood, in insect stings and wounds. In otiier words, 
the deposition of the coloring matter, as in the case of the resins in gen- 
eral, occurs siiimltaiieously with tlie death of the cells. The ieaves of 
herharimn specimens of many of tlie Ehmaccce turn inky 1)laek after a 
short time. Black ebony is also found occasionally in the lieartwood of 
3mmg twigs. Therefore, it is very evident that the condilions of tlie color 
formation are not those usually prevailing when liiiiiiiis substances are 
formed. This color is exceedingly stable and although alcoholic potash 
extracts a small arnoiiiit of brown substance which is precipitated by 
acids in aiiiorplious flocks, it is certain that the black sulrstanee itself 
has not the properties usually ascribed to humus. 

The explanation of the manner of formation of the coloring matter was 
sxiggested by the fact that fresh leaves of the species Dwspyros nitlda 
Merr. {runalon, Tagalog,) become black on drying, oi* blacken in an hour 
or two when bruised or crushed and exposed to the air. I have been 
able to show that this result is brought about by the action of an oxidizing 
enzyme on an insoluble chromogenie substance in the leaves. The same 
enzyme and chromogen oecm* in the wood and the enzyme was detected 
in the sapwood. Its ability to cause the formation of a black, insoluble 
substance resembles that of tyrosinase and lacease. However, it probably 
is not identical with either of these oxidases. 


The behavior of the enzyme was studied by making an aqueous ex- 
tract of the macerated, fresh, green leaves, and heating it as well as 
the bruised leaves to 100® for a few minutes, after which treatment they 
did not blacken on exposure to the air. Therefore the enzyme is de- 
stroyed by heat. Dilute hydrochloric acid also renders it inactive. Sam- 
ples of tlie original leaf pulp or of the turbid extract when exposed to 
the air turn very black in about one hour, A portion set aside in a 
test tube blaehened at the surface, th^ color gradually extending down 
into the solution, whereas a sample kept in an atmosphere of carbon- 


dioxide showed almost ho color change after tweitty-four hours. 

The extract does not turn guaiacum to a blue color directly, but 
develops the tint immediately on tlie addition of a few drops of hydrogen 
peroxide. A blue color is quieWy produced, on shaking with a naph- 

^ ihpVmA reagent). 

It m also exist® in other species ef the 

the fruit of ca^}iomoi 

1 X 1 . The extract appeared to 

chntftin antacid produced hy Btmpyros 


1X1. 

contain an 
imm ^ 
i# 


it is quite 
th# dark red of 
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ITiliiidiii ajid ]\Or-s Wlieldale “■* are of tlie opinion that aatlioeyanira tde rt'd 
eoloritig matter of certain flowers, is formed by the actiori of an cj:idase on soaia- 
eliromogeiiic snbstance. Bertrand found an oxidase reseiiibliiia" ir: tLe 

lloweTs of Gardenia. Siidi a substance is also pre-ent in tlie while and vellow 
cdiainpaca flowers, Jlieheiia alba L. and Michella chanipaafi L. This oxidase 
turns tiiietiire of gnaiacuiii blue, develops tlie color of the Erdiiiianii-Spitzer reao’cnit 
and oxidizes liydroquinone and ]il!lorogliiciiie. 

KHAKI DYES. 

Doctor Foxtvorth.v, of the hotanicol laboratory of thi= Bureait, states 
That the bark of Pterosperrnujn nivtum TicL, (lai/og, Ttit. ) i,^ h>etl in 
dying hsii nets to a recldisli-brotni color. Scute of the isrowii shades 
produced on cotton faluics by the Filipinos are quite laet. A search 
ihrotigh the literature reveals the fact that little is laiowm about the 
dyeing of khaki cloth outside of maniifacriiri ng establiditiiein?. The 
majority of tlie patents covering this process describe inetlious of im- 
pregnating the cloth trith. iroiq, chroiiiiiun. or manganese compounds.''^ 
Tliere is no doubt that much khaki cloth is colored witli coal-tar dyes. 

The value for tanning purposes of the cutcli extracts from Tliilip- 
pine mangi^ove barks has already been reported on by Bacon and Gaiia."- 
Tlie most highly colored extracts contain reddish-brown eoloring mat- 
ters^ but when used alone these barks do not give true khaki shades. 
In' the past^ eutcli extracts have largely been used, with metallic inor- 
dants^, for dyeing khaki shades, but the synthetic dyes have entered this 
held also. 

Good khaki shades were obtained from ipil wood^ Lntsia hijuga 0. 
Ktze. Tlie extract dyes cotton in neutral or slightly acid solution lo 
a clear, soft brown. Cotton mordanted with tin is colored to a brown 
shade, having an olive tint. The colors are quite fast to light and to 
washing. Silk is dyed a beautiful, soft, brovm shade. The, coloring 
matter reacts ' like a tamiin, giving a black precipitate mth ferric 
chloride and an abundant floceulent precipitate with gelatin solution. 
Owing to the limited supply of this wood and its value as building 
material, its virtues as a dye wood were not further investigated. 

SAPPAN WOOD, 

The dye wood which finds the most extensive use' in the Philippines 
is- sappan wood from the spec-ies Cmalpinia sufpm h. 

~ Bolley®*, and Bacon have shown that this wood contains brafeilin. ■' Sinoe^ 

, A 20, 3,7.Sf p' , "'' ■' 

Phit ^ 00 .' 15 , 1 ^ 7 , 

“■Ah of ^the of eicamined in thfs labor® toty have boen dyed with 

ttoh ’ * , . ' ^ ■ A ’ u ’ 

^ ^^mm4 f* tIS# 3^1. ‘ ’ 

' M y ^ 477' ' V 4 "'7''' ''7' 'A'’ 
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tlie eonstitiition of this dye has been elucidated thoroughly by W. H. Perkin 
jr.j Ivostaneekij Lampe and other’s, further investigation of it rvas not attempted. 

Brazilin, Sr brazilem, is not a fast dye and has the objection of being 
very sensitive to acids and alkalies. For this reason its uses are very 
restricted and it is probably only a question of time until it is entirely 
supplanted by synthetic dyes.^^ 

THE COLORING MATTER OF NAERA WOOD. 

In an examination of the coloring matters occiiring in certain Phil- 
ippine woods, it was noticed that the well-known narra wood;, Ptero- 
carpiis spp.^^ on treating with water yielded a solution wbiclp on the 
addition of a small amount of alkali, developed a beautiful, bluish- 
green fluorescence. When a small cjnantity of the wood was extracted 
with alcohol, the dark, red solution on cooling deposited crystals. What 
appeared to be a crystalline fluorescent dye proved on further examina- 
tion to be a mixture of a resin, a tannin, an amorplious, red coloring 
matter, two colorless crystaliine bodies and a yellow, fluorescent sub- 
stance. The red coloring matter is closely related to, but not identical 
with, the ‘^‘•santalin'''’ obtained by Weyernian and Halfely'’^^ from the 
closely related species Pterocarpnis scmtalmiis L. f., of India. 

The red coloring matter of narra was isolated in the following manner. The 
wood shavings were extracted with alcohol, the alcoholic extract concentrated 
and three volumes of water added. The solution was cooked until the alcohol 
had almost completely been removed. The solution was then decanted from the 
dark, red, amorphous mass. The aqueous extract contained tlie tannin and the 
greater part of the fluorescent substance. The brown, amorphous residue wo,s 
then boiled under a return condenser with about five parts of chloroform, which 
removed the crystalline substances and resin. 

The red coloring matter thus obtained was a dark, red, amorphous 
powder, easily soluble in glacial acetic acid, phenol and alcohol, but 
insoluble in carbon disulphide, chloroform, benzene, li groin and ether. 
It could ' not be . obtained ' in a crystalline state. ■ 

' ; ,WeyermaBn and Hitffely descrihe sahtalin as a body crystallmng in microscopic 
red prisms and melting at 104®, Franchflnont was unable to obtain jt in 
crystalline form. Weyermann and Haffely assign to it the formula Gi 0 Hi 4 Oa 
while Franchimont advances the formula 0^11,80® for the amorphous preparation. 
Bolley®® gives several formulae ,all having twenty-seven carbon atoms. A. G. 
Perkin'®®' gives the fpnhlfla for the potassium mlt which is pre- 

jOipitated by alcohoB© pota^i'W 3 ^ 0. Cain and May" have recently 
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stated that saiitalin lias the formula TTanciiiinont states that 

lie ohtaiced resorcinol by fusing the dye vcirh eausic pota^li and that zizic diisr 
and a solution of caustic potash or zinc and hTdrocljlorie acid do^not reduce t'ue 
dye to a colorless base. By oxidation with alkaline permanganate he ohitained 
a mixture having a strong odor of vanillin, hut he vras unable to isolate that 
body ill quantities sufficient for identification. 

A comparison of sa,iitalin tvitli tlie red coloring rrintter ot narra was 
made by me. A small liand specimen oi Fierocarnm sardaVuius L. f,, 
Idiiflly furnislied by the conservator of forests. Central Circle, lladras, 
Iiidia^, was ground and extracted in the same way as iiarra. Eoili woods 
contain the two colorless erystalline conipoiiiids, pterocarpiii and lioiiion- 
teincarpin and both contain a yellow coloring matter tv! deli shows a 
greeiiisli-blne fluorescence on the addition of alkalies. However, the 
two red colors are not identical. Santalin melted at 104° as described 
above, but the coloring matter from narra, which may be called iiarrin 
for want of a Ijetter name, does not melt, but swells with charring at 
about 180°. I have found that both dyes are decolorized by ainc dust 
in caustic potash solution, or by sodium amalgam in dilute alcohol, the 
color reappearing when they are oxidized by the air. The reduction 
product of nanin is an amorphous, light yellow substance which rapidly 
becomes brown on oxidation by the air. Both santalin and narrin are 
precipitated from their alcoholic solutions by alcoholic potassium ace- 
tate, forming potassium salts according to the general reaction discovered 
by A. G-. Pei’kin.*^^ 

The copper salts of santalin and narrin were prepared by this method, 
using an alcoholic solution of copper acetate. On ignition these copper 
salts gave the following results. 

Santalin. 

I. 0.2162 grams of the copper salt gave 0.0293 grams CuO- 

n, 0.2100 grams of the cop|)er salt gave 0.0260 grams CuO. 

Calculated (per 
Pound cent) for 

(per cent). (CisHi 30 s) 2 «C 5 u. 

I. Cu = 10.43 10,34 

II. Cu = 10.21 

Iiarrin. 

I. 0.2097 grams of the copper salt gave 0-0165 grams CiiO. 

II, 0-2176 grams of the copper salt gave 0.0170 grams CuO. 

’ ' '''Pound 
(per 

I. Cu , 6-26 

' ' y ' n. Cu ^ : 6.22 ' ; . , : 

The difference in : the percentage ■ of nopper in the 'twny^ts is 

marked. . ' , ; _ ^ b ' , ' ' T;’: ' .y\: 

^Journ, Ohem, Soc. London (1899), TS, 43Sy » '2^. ^ 
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Preparation of tlie free coloring matter, naiTiii, from tlie copper 
or lead salts^ bj hydrogen sulphide yielded narrin which retained the 
solyent from' which it was prepared most tenaciously, causing variable 
results on analysis. 

Fusion of narrin with caustic potash yielded plilorogliicine, identified 
by the pine splint test, and resorcinol, which was detected by form i rig 
fluorescein by heating the residue from the ether extract with phthalic 
aniiydride.*^^ 

Slow oxidation of 12 grams of narrin with 10 grams of potassium 
permanganate in alkaline solution and extraction with ether gave 0.5 
gi*am of substance having a strong odor of vanillin. The color reaction 
with ferric chloride indicated its presence. Addition of phenylliydrazine 
acetate to the aqueous solution of the extract gave the eiwstalline phenyl- 
hydrazone which melted at 101°. Four gi'ams of nairin, apparently 
unchanged, were recovered. ISTo other products of the oxidation were 
. ideiitifl.^d. 

The benzoyl derivative obtained by the Baumann-Schotten method 
was an amorphous, brown mass which could not be crystallized. Dilute 
nittic acid yielded a yellow resin. 

FTaiTin is not a glucoside. 

This was shown by heating 10 grains of the dye, which had been extracted by 
nentral solvents, on the water hath for one hour with a 2 per cent solution of 
caustic soda, acidifying slightly and adding a solution of plienylhydrazine acetate. 
The warm solution was then placed in the ice box for twenty-four hours. No 
osazone nor other crystalline precipitate resulted. The precipitated coloring 
matter was dried, dissolved in alcohol and the copper salt precipitated by alcoholic 
copper acetate. The copper salt thus prepared on ignition gave 6.53 per cent 
copper oxidb. 


Karrin chars on distillation with zinc dust and yields a small amount 
of MQreinol dimethyl ether. 

The dyeing properties of iiarrin are similar to those of santalin. 
It ie quite insoluble in water, but dissolves readily in alkaline BoliitiouB, 
,an .infttsion of wood ashes. Metallic mordants such as cliro- 


hydroxideey^are^ suitable. The, shades pro- 

'dneedi ve^:' fast To 

Owing to the fact that neither narrin nor any of its derivatives could 
be obtained in a crystalline stete ftjs study was not continued. 

T*hb two ^lorlesis ^p^ringly soluble in cold alcohol 

and separate txtm w 0ft' soolfug* Qf the two, ptef Ocarpiu is 

much more insoluble fet tMs Oaft he, separated from homop 


teocarpta by erysialiyaliou 
das^ddve end ^ a!'’ 


Pterocarpiu is described by 
chloroform |u coIorl<^s, 


momKtiuie ^ % isolated, ift all, 
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about 5.0 grains of this body from about 1 kilogram of ermle exirac; obtaine'i 
from about S kilograms of wood. After Teerystullizing five times iroiu a mixture 
of chloroform and alcohol it was obtained in a pure state, rneltins: at IGS". As 
stated by Cazeneuve and PTugoiienq. it is reiy insoluble in water, cold aieoliol 
and carbon bisulphide, slightly soluble in ether and insclable in alkalies and 
acids. These authors assign the formula to tlie body. Two cembiistlctris 

of the pure substance isolated by me gate the following results : 

0.1809 grairi substance gave 0.4554 gram CO. and 0.0763 girnn 3 j 3: 0.1820 
gram substance gate 0.4020 gram 00. and 0.0775 gram ITO. 

Calealated for Found Tper ceru). 

G14K12O.'. I. TI. 

C=: ■ G3.S5 GS.74 6‘4.2y 

H= 4.91 4.09 4.72 

Two molecular weight cleterminations by the freezing-point method, using benzol 
as a solvent, gave the values 200 and *280. The true molecular weight being a 
multiple of C-HcO.. must be 244, or the value corresponding to the formula 
C 14 H 12 O 4 . Judging from the low melting point and the formula advanced hx the 
above authors, the substance obtained by them probalily v/as not pure. 

The , second crystalline body, homopterocarpin, occurs in iiarra in rather 
large amount. Cazeneuve and Hugonenq^^ describe it as melting at 82^-86® and 
assign to it the formula C 24 H. 4 O 3 . After crystallizing eight times from hot 
alcohol I obtained this body in the form of colorless needles melting sharply at 
86 ®. Analysis of a carefully purified sample gave the following results: 

I. 0.1787 gram substance gave 0.0892 gram HsO and 0.46S1 gram COj. 

II. 0.1921 gram substance gave 0.0975 gram H^O and 0.502T gram CO 2 . 

Calculated for Found (per cent). 

I, IL 

c=: 71.83 71.43 71.36 

H=: 5.63 5.54 5.63 

The molecular weight determinations made by the freezing-point method, using 
benzene as a solvent, gave the values 266 and 272. The molecular weight cal- 
culated for CJ 7 H 10 O 4 is 284. 

The substance is insoluble in hot, concentrated potassium hydroxide and it is 
very slowly acted upon at 200 degrees. Ten grams of the substanee were heated 
for one and one-half hours at 200 to 210 degrees with 50 grams of potassium 
hydroxide dissolved in a little water. At the end of this time the mixture was 
cooled and about 6.0 gi'ams of the imehanged substance recovered. Water was 
added and the solution acidified and extracted with ether. The crude etherical 
extract with ferric chloride gave a blue color reaction lasting for several minutes 
and when tested by fusion with phthalie anhydride' gave fluorescein. Therefore 
resorcinol was present. No other phenolic bodies were detected, 

■ Bistillation with zinc dust gave resorcinol dimethyl ether.' Twfenty-ive grams 
of the substance yielded 9.5 grams of oil which on distillation gave 4.0 grams 
boiling from 210 to 230 degrees. This ■fraction 'was insoluble in a 10 per cent 
solution of caustic soda and gave no color reaction with ferric cHdridfe. Treat- 
ment with hydriodic acid yielded resorcinol ' which was i'dmtified 'by fusion 'with 
phthalie anhydride, as above. 

Phenyl hydrazine and phosphorus pentachloride do not rmet with feomop- 
AH the oxygen appears to be bound, as in an ether. 

^ ^ A m naso) , i?, 113. ; 
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It is impossible, from tlie above data, to deduce the cons tit iitioii of 
these substances from naiTa wood. However, it has been sho^vii that 
iiarrin is closely related to santalin and there undoubtedly exists a 
close relationship between hoinopterocai*pin and narrin. Were this dye 
likely to become of commercial importance the investigation of it would 
be continued. 

The botanical determinations and much of the descriptive matter 
concerning the use of the dyes was furnislied by Messrs. Merrill, Fox- 
worthy, and Eobinson, of the botanical laboratoiy of the Bureau of 
Science. 
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Alectryonia folium Lam., 328. 
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Sacco., 328. ! 
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formed by reaction of, 434 ; sealed in 
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l4e al prwssmrea^ 431^ ' ' ; 



value of, for dye, 443. 

Apo volcanic cluster, 359. 

Area nodosa Mart, 328 : A. hispida Phil., 
328. 
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Areca catechu L., 445. 
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Astarte sp., 328. 
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on, etc., 2G7 ; radioactivity of, 273 ; 
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Atolls of Sulu, 361. 

Atom, labile hydrogen, 423. 
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241 ; white sulphite fiber, 249. 

Bancudo, a dark red color, and very .fast, 
441, 444. 

Basaltic rock, 'from .La Laguna, 140, 

■Basalts, 1B7, 321^; ' of. southwestern Lazoa, 

77. 

Bay Lake, 'origiff ’of; lOS. ■ 

•Berbexine, a yel'Ibw dye,' 449* . 

Bln;tego.nan'' limestone,, '327, ■ ; , , . .' . , 

,)Shte'.oreilan» 443* 

',!■ Brandy, pqgnac, 23* 

' 'Brasil' a nafeiTal Philippine dye,i 439. 

4': '4 ' 4I», 
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BROOKS, BENJAMIN T.. The Descriptive 
Distillation of Manila Copal, 203 ; The 
Natural Ds'-es and Coloring Matters of the 
Philippines, 439 ; The Oleoresins of Finns j 
Insularis Bndl,, 229 ; The Oxidation of j 
Manila Copal hy the Air, 219 ; Boale ; 
Review : Aileii’s Commercial Organic ' 
Analysis, “VoluiBe II. Edited by Henry 
Derfinann and W. A. Davis, 366. 

Bulacan eoa.1 field, lOS. 

Bulla sp., 32S. i 

Bureau of Science library, amount appro- j 
printed for books for, 45 ; authorization of 
Supt. of Govt. Laboratories for purchas- 
ing books for, 45 ; first building for, 46 ; 
growth of, 47-53 ; organization of, 45 ; 
representative books in. 48—52. 

€ 

Caesalpinia sappan L., 447, 

Cake, copra, ,33. 

Calcium hydroxide-phenol, 371, 377; com- 
bines with phenol and water, 371 ; methods 


Clementia papyra ( ?) Gray, 328. 

Clinker, seasoning of Portland cement, 405 ; 
tests of disintegrated and sound seasoned, 

412. 

Cloudy, effect produced by light on forma- 
tion of, 270. 

Coal, in southwestern Luzon, 79 ; w*hcro 
found in the Philippine Islands, 332. 

Coal-tar colors, 440, 

Coastal plain.s, of Philippine Islands, SOS, 

Coconuts and tapioca, chief products of Jolo, 
361. 

Cogon grass, botanically identical with 
laiang, 252 ; amount in Masbate, 255. 

Colophony, 229. 

Coloration, variations in rate of, 427. 

Compounds which cause the red coloration 
of aniline, 9, 419. 

Concave mirror, 19. 

Concrete construction, in Manila and the 
Philippine Islands, 117 ; coral rock, 131 ; 
cubes, from Tayabas, 125 ; from Cebu, 
126-129 ; specifications, 135. 


of producing crystals of, 373-378. ! Conus aeutangulus (?) Chem., 328 ; 0. oden- 


Callianassa dijkj Mart, 328. ■ gensis Mart, 328; C. sinensis Low., 328; 

Camiguia Islands, sulphur found in, 333. | C. stritellun Jenk., S2S ; 0. sulcatus Reef e., 

Campanile sp., 328. : 328 ; C. vimineus Reeve, 32S. 

Camwood, a natural dye,. 439. i Copal, the destructive distillation of Manila, 

Cafia bojo, 237, i 203 ; Manila, 177 ; the oxidation of Ma- 

Capsicum frutescens L., plant most cpm- | copal by the air, 219 ; resins, desirable 

monly used for stains, 441. ; fQj. varnish manufacture, 219 ; the study 

Capulus sp., 328. | of Manila, 171. 

Carbon-dioxide, aniline in dry, 430; not an | copal oil, formation of, at temperatures 

indifferent gas, 434; evolution of, from ; above 320*®, 214; formed by decomposi- 

Manila copal, 220, ! qj Manila copal, 213. 

Cardita boettgeri Mart, 328. i Copper, in the Philippine Islands, 331 ; 

Cardium rugosum Lam., 328. prospects in the Loboo Mountains, 107. 

Carthamin, 442. Copra cake, changes produced by feeding, 

Carthamus tinctorius L., 442. 33 ; used in the Philippines as food for 

Cassia herklotzi ( ?) Mart, 328 ; C. nodulosa hogs, 33. 

Gmelin, 328 ; C. pila Reeve, 328. Coral reefs, of Mindanao, 359. 

Cebu, coal found In, 332 ; oil seeps in, 333, Coral rook concrete, 131, 

Cement, eflficiency of modem, 367 ; quality Coralline limestones, 86. 
needed in, 368 ; chemical analyses of, 369 ; Gorbula tunicata Hinds., 328. 
physical and chemicsal properties of Port- Cordillera, western, of southwestern , Luzon, 
viand,' ,307; effects ■ of aeration mU' cmm- , 69; in Mindanao, 356. 

merclal, 390 5 seasoning of ground, 397. , Cordilleras of Philippine Islands, location of, 
,-V€eriopq;;,tosai:0,, Bi'^Itob.;w.449, 446. ,, 311. 

Ceritliium (Ticarya) callosa Jenk. var. sem- Cotabato, plain of, 346. 

peri Mart., 328 ; C. karangense Mart., 328, Cotton, used in manufacture of Philippine 
Chama sp., 328. textiles, 439. 

Chemicals, kind used and cost ot in mann- Crater lakes, on Island of Jolo, 361; of 
facture of paper pulp, 247^^ southwestern Luzon, 91., 

, IC&erts^ ^ ’ 'iL. , ' , Oirtid© petroleum, 1. ^ ^ 

Ktlhinwe 44U 1 ^ ^ Crystals formed from calcium oxide, 371# 

dfidt f, ^ ' ‘ ' Curcuma longa U, 262, 442 ; O. zedoarla 

r fX " •Bows#, 261- 

ss^Flsapdctm^ 257^ A ^ nddximus Amelia*, 328. 

* fa Pxmriim ^ >’ 327. ^ 
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Daeites, 160, 322. 

Dammar puti, 173, 

Dammara alba, 173. 

Da^mo iiplancl, 354. 

Dentallum sp., 32S, 

Diaiiilinoquinone, 11. 

Dianilinoquinonedianil, 13. 

Dictyraea ( ?) micanfha Reuss., 32S. 

Di- and moiiomethylanlline, beliavior of, 419. 
Dimethylaniline, absorption spectra of, 426 ; 
sealed in atmospheres of hydrogen and 
carbon dioxide at diilerent pressures, 431. 
Dione sp., 32S. 

Diorites, 16S, 322 ; of sombwestern Duzon, 
76. 

Dipterocarpaceel, 175. 

Distillation, the destructive, of Manila copal 
203. 

Distilled liquors, 23, 29 ; aldehydes in, 29 ; 
determination of fusel oil in, 24 ; methods 
of analysis of, 23. 

Dolium costatum Desh., 328. 

Domestic Philippine hogs, 33. 

Dosinia bcettgeri Mart, S2S ; D. plana (?) 
Reeve, 328. 

Drfllia (?) vreverl Smith, 328. 

Dry carbon-dioxide, aniline in, 43(f. 

Dry hydrogen, aniline in, 430. 

Dyeing of green colors, 441. 

Dyes and coloring matters of the Philippines, 
439. 

K 

East Satan Coal Company, 333. 

Ebenacess, 445. 

Ebony, blacfe coloring matter of, 445. 
Editorial: The Dibrary of the Bureau of 
Science, 45. 

EEhretia buxifoiia Roxb., 445. 

Elemi, Manila, 171. 

Eosin, a coal-tar color, 440. 

Equipment, cost of, for production of paper 
pulp, 250—251. 

Errata, in articles “Oxidation of Phenol,^ 17. 
Essential oils, Philippine, 257. 

Euthria, sp., 328. 

p ' 

■ pibers, •commonly used in Philippines for 
t manufacture 'Pf textiles, , 439. 
i^fhfqus'suhstanoes of the Philippines, 233. 
used for dyeing, 443. 

EopsIlSi,;: ,scardtt|y 'in '' Philippine' , Islands> 

3^^ ' /■* • :,y'\ 

:W.,'The 4lmaoiga 
.Tree: Atath,fe:/Mha'''(3jaia’.)> 1T$.. 

Free limei tin Portland cement, ;30^ applica-. 

"tion pt 'test for, 379. ’ 

FREER, ; 'FADE O'., 7^0', 'Study 9f /Manila 
Copai/,lTl. , ' '' 

Fuchsin, a coal-tar color, 440, 

_FttOD cost ot tor use ^ in manUliictute ^:o4' 
i pudp, 946. ■ j . ' ''i / 


Fuels, of the Philippine Isiunds, S32. 

Fusel oil. In distilleri liquors, 25, 

Fustic or morir, old, a nnfural Phili'pplne 
dye, 439. 

Fusus cortada sp. nov., (?) ; P. Ijidama- 
rensis Islari., 325 ; F. f Cynulus) verbeeh: 
Mart., 32.3. 

Cl 

Gabbro, 105, 323. 

Gardenia, 447. 

Gas, in south-western Dusca, 109. 

Gases, ionized by forms of ultra-violei light, 
269. 

(Geologic history, of the Philippine Islanfis, 
326 ; of southwesU'-rn Luzon, 71. 

Geologic reconnaissance of Mlndan'ao ciTid 

Sulu, 345. 

Geology, essential features of, of PuillppiEe 
Islands, 307 ; geologic mapping, 65 ; geo- 
logic reconnaissance nf Mindanao and 
Sulu, 345. 

GIBBS, H. D., The Compound? which Cause 
the Red Coloration of Anirine : I. The 
Effect of Oxygen and Ozone and the In- 
fluence of Light in the. Presence of Oxy- 
gen, 9 ; The Compounds which Cause the 
Red Coloration of Aniline. II. The Effect 
of Sunlight in the Absence of Oxygen 
and Oxidizing Influences and a Com- 
parison "With the Behavior of Mono- 'and 
Dimethylaniline, 419. Book Review : 
Allen’s Commercial Organic Analysis, 
Volume I. Edited ^ by Henry Leffmann 
and W. A. Davis, 365. 

GIBBS, H. D., and AGCAOILT, P., Lard from 
Wild and Domestic Philippine Hoi^ and 
the Changes in the Constants Produced 
by Feeding Copra Cake, 33. 

Gin, 23. 

Ginger, cultivation and preparation of. 259- 
I 260 ; utilization of, 259-260. 

I Globigerina, 327. 

: Glossostylus picturatus Pfeifer, 328. 

I Gold, in the Philippine Islands, 330 1 in 
I southwestern Luzon^ 107. 

I Granite, 170, 324. 

/ Gravel, i'n southwestern Luzon, 111, 

I Gravel and sand, experimental work on, 122. 

Gravel tests, '!n csoncrete construction, 132. 

I Gryphaea sp., 32S. 

H 

j Hemp, used in m'anufactere ' of /Philippine' 
, textiles, , 439- ' ' • / , 

i Hetero'Stegina, 3^7,' ■ 

Hibiscus 'Babdariffa' L*', ' 443» 

Hindsla dilki ^ • ; / ^ 

iidgs, lard frcttu,.' ts.'' • ' 

'!' HOLME. W, a, Diatllie^ m$um: vm^T 
‘ and , Scot#*),. . .BmMr. 
C^Oofeuac), and GhL » ‘ ^ * 
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HULBURT, CLINTON H-, and BACON, B. 
F., A Liquid Concave Mirror, 19. 

Hydrocarbons, unsatiirated, in crude petro- 
leum, 5. 

Hydrogen, aniline in dry, 430 ; atom, labile, 
423. 

Hydrogen and chlorine, as chemical pho- 
tometers, 2S2. 

Hydrogen and moisture, aniline in, 430. 

Hydrogen peroxide, as essential in reactions 
of sunlight, 271. 

Hypersthene, 320. 

I 

IDLINGS, JOSEPH P., The Petrography of 
Some Igneous Rocks of the Philippines, 
155. 

Igneous rocks, of southwestern Luzon, 66 ; 
of the Philippines, 155. 

Ilocos Norte, phosphate found in, 333. 

Indian curry, turmeric in, 442. 

Indian yellow, 443. 

Indigo, a natural Philippine dye, 439 ; blue, 
a fast color, 441. 

Indigofera tinctoria L., 441 ; I. suffruticosa 
Mill., 441. 

Intermediate uplands of Philippine Islands, 
311 ; of Mindanao. 352. 

Intermontane plains, of Philippine Islands, 
location of, 309. 

Intsia bijuga O- Ktze., 440. 

Ions, influence of, upon clouds, 271. 

Iron, in southwestern Luzon, 105. 

Island of Jolo, chief products of, 361. 

Jamaica ginger, 259 ; price per pound of 
unbleached, 2^0. 

K 

Kamela, 444. 

HhaM dyes, 447. 


Lard, effect of coconut oil on, 36 ; effect of 
ivheat bran on, 34 ; from wild and domestic 
hogs, 33 ; influence of fi.sh meal on, 34 ; 
influence of tropical climate on, 43. 
Lawsonia alba Lam., 443. 

Lead and zinc in Philippine Islands, 332, 
Lepidocyclina, 327. 

Lepidocyclina riehthofeni Smith, 32 S. 
Leucitites, 321. 

Leyte, oil seeps in, 333. 

Library, of the Bureau of Science, 45. 

Light, influence of, in presence of oxygen, 9. 
Liquid concave mirror, apparatus for obtain- 
ing, 19. 

! Liquors, distilled, 23, 29. 
i Lime, free, in Portland cement, 369 ; in 
southwestern Luzon, 112 ; sintered, 383 ; 

I uonsintered, slaking of, 390 ; fused, 390. 
Limestones, 325 ; in .southwestern Luzon, 68. 
Limonene, in Manila copal, 205, 207. 

Linseed oil, an a solvent for heated copals, 
213. 

Lithothamuium, 327. 

Loboo Mountains, 62. 

Log of well, at Pasay, Rizal Province, 310. 

I Logwood, a natural dye, 439. 
i Lokain, a green color, 441. 

I Los Banos, mineral waters of, 334. 
i Lucina sp., 328. 

' Lucina (Codalda) semperiana (?) Issel., 
328. 

1 Luzon, central plain of southwestern, 61 ; 
i eastern cordillera of southwestern, 61 ; 

; geological reconnaissance of southwestern, 

' 57 ; gold on, 331 ; physiographic regions 

i of southwestern, 59 ; southwestern vol- 

1 canic region of, 62 ; western cordillera 

j of southwestern, 61. 

i M 

I Macaranga tanarius Muell.-Arg., 445. 
j Macoma rosareana Smith, 328. 


Kcnttstorfer number, increase in, of Manila 
copal, caused by autoxidatton, 224. 
Kulingtang Range, , 358. 

'Labile hydrogen atom, 423., , 

.'Labory 'necesSaty in' manufacture of paper 


Madder colors, 440, 

Madracis sp., 328. 

Mahonia nepalensis DO., 441, 442. 

Malachite green, a coal-tar color, 440. 
Mallotus philippinensis Muell.-Arg,, 444. 
Manganese oxide, in Ilocos Norte, 332, 

I Manila, concrete construction in, and the 
Philippine Islands, 117. 


'’Lagmm'BrOViadev' clay in, S34.' ■ Manila copal, ,172, 177 ; action of heat upon, 

Lagunum (?),S28, 198; amount of carbon dioxide given off 

La Laguna, basaltic rocks from, 140. ' by, 208 ; behavior of, in some of the 

Lake Bay* origin of, 103. common solvents, 216 ; botanical origin 

Lake Lanao, 356 j upland 352. of, 178 ; changes in, when fmeed in open 

V receptacle over a free flame, 194 ; chem- 

, |ja;|?i6 of, 1#L ' • ' ' examination of^ 182 ; color of, 182 ; 

^ commercial grading of, 182 ; commercial 

' tises 182;. early commerce in 179 ; 

Ipti 1^,' i' V ‘ jOf ImWng, on ita solubility In oils, 

^ 21^* eyoteidE of carbon dioxide from, 

WQ'; oil Ijy deoomfwsitlon, 

i off bL during distilla« 

yi,i brifelti oL 

J ^ IT a 

> * M { 1 J, ^ I Ji J < si 1- * n ^ J . ? V J ' >• * } ) ? 
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oxygen of, 226 ; lack of uniformity of . 
commercial, 179 ; limonene in, 205, 207 ; 1 
liquid products given off during distilla- ; 
tion of, 209 ; mode of production of, ISO : ' 
oxidation of, by tbe air, 219 ; presence of i 
pinene in, 205 ; products given off by, ' 
204 ; size of, 182 ; steam distillation of | 
the crude resin, 1S5 ; terpenes contained 
in, 205 ; the study of, 171 ; used in manu- 
facture of varnish, 204 ; value of annual 
export of, from Philippine Islands, 177. ; 

Manila elemi, 171. 

Manila oils, 263. 

Manila resin, use of, for oleoresinous var- 
nishes, 196. 

Mang-kuda, a Malayan dye, 444. 

Mangifera indica L., 444. 

Marine conglomerates, of southwestern Lu- 
zon, 69. 

Mariquina gravel, 124. 

Masbate, amount of, and location of cogon ^ 
grass in, 255 ; gold in, 331. , 

Mataling river, in Mindanao, 350. j 

Mayon volcano, 313. I 

Methylamine, a reaction product of methyl- I 
aniline, 435. ' 

Methylaniline, absorption spectra of, 426 ; 
sealed in atmospheres of hydrogen and 
carbon dioxide at different pressures, 431 ; 
undergoes chemical change in atmosphere 
of hydrogen, 434. 

Methylene blue, a coal-tar color, 440. 

Melanea denticulata Lea., 328 ; M. laterita I 
Lea. ; M. woodwardii Mart, 328, ! 

Metadiorites, 323. I 

Metals, of the Philippine Islands, 330. 

Metamorphic rocks, 323. 

Michelia alba L., 447 ; M. champaca L., 
263, 443, 447. 

Mindanao, cordillera of, 355 ; coal found in, 
332 ; geologic reconnaissance of, 345 ; 
gold in, 331 ; lakes of, 356 ; oil seeps in, 
333 ; plains of, 346 ; small rivers of, 349 ; 
volcanoes of, 35S. 

Mineral resin, ISO. 

Mineral waters qf the Philippine Islands, 

; 334. 


Mirror, ' liquid concave, 19. 

M'Ohadnpcks,' of Sulu, '361. 

Mono- and dimethylaniline, behavior of, 419. 
Morin, 443 ; old fustic or, a natural Philip- 
pine dye, 439. 

Morinda citrifolia L., 444 ; M. bracteata 
Roxb., 444; M. umbellata L., 444. 

Morio ecMnophora Linn., 328. 

Mortar tests, in concrete construction^ 131- 
Morus tinctoria It., 440. 

Mount srbcte itrwa, ^21. , , 

Mount Mhtiyoias 313'; ortgins and 

age o£ 314- ’i , ^ > t 

Mount ft 

'' Mouui "Ptnafilbbs* ''' " "" i ' 


in, 333. 


' ^ i ' 


N 

Natica callosior 3iart., 32S ; X. giobosa 
Chem., 32S ; X. marochiensis GmeL, 32S ; 
X. oTOm Mart., 32S' ; X. rostelliaa (?) 

Jenk., 32S. 

Xarra wood, coloring matter of, 44S.» 
Xarrin, 450. 

Xassa cassiculata Lam., 32S ; X. verbe-eki 
Mart., .328 ; X. punctata Smith., 32 S. 
Xurnmulites, 79. 

Xummulites niasi, 327, 

Xummulites niasi Verbeek, 315, 32S. 
Nonmetals, of the Philippine Islands, 3S2. 
Notes, on radioactive phenomena in the 
Philippines, etc., 267. 

Xovaliches Sand, 133. 


O 

Ocimum sanctum L., 261. 

Odontocyathus sp,, 328. 

Oil, of Canarium villosum F. Till., 257 ; of 
Cinnamomum mindanaense Elmer, 257 ; 
of Curcuma longa L., 262 ; of C. zedoaria, 
261 ; of Michelia champaca L., 262 ; of 
Ocimum sanctum L., 261 ; of Ylang-ylang, 
265 ; of Zingiber officinale Rose., 259 ; 
refined petroleum, 6. 

Oils, Manila, 263 ; reunion, 265 ; synthetic, 
263. 

Oil seeps, in the Philippine Islands, 333. 

Oleoresins, of Pinus insularis Bndl, 229. 

Orange-yellow extract, 443. 

Orbitoides (Lepidocyclina martini Smith), 
328. 

Orbitoides richthofeni sp. nov., 79. 

Ostrea sp., 328, 

Oxalic acid, a solution of, as a chemical 
photometer, 281 ; solutions, absorb rays 
of ultra-violet spectrum, 283. 

Oxidation, cause of red color in aniline, 9, 
10 ; the oxidation o4 Manila copal by the 
air. 219. 

Oxidizing influences, effect of sunlight in 
absence of, 419. 

Oxygen, the effect of, and ozone, 9 ; effect 
of sunlight in absence of, 419. 

Ozone, the effect of oxygen and, 9. 

' F 

Pachyseris' cristate 'Mart, 328. 

. Pagsainguin, 257. 

Papfcr, 'Cost of manufacture of paper pulp. 

: '24,4; cost of the raw material in making, 

, from bamboo, 242 ; equipment ■ necessary 
tor making paper ' pulp, 245; 

; prodacing'' pa^r 'pulp, 242 prepararion 

; of> , from ' 254 ; : quantity - of fmmboo , 

avaltedlq "for mkktag, 242; soda' process 
OB bamboo in jpaanf^hture of, 241 ; anit- 
ibi^ity of Phippptea fibers fo|r,iimklBg of* 

, 23^2 ; wbdte mdiAlte bamimb Abet in mM^ 
of* ML ' > 

pilii, fiwan bwnboo, 333, 33C 
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Paracymol, piaacipal constituent of oil from j Porcelain, attempts to nuike^ 

Canarlnm villosum F. VilL, 25T. Portland cement, use of in Tropics 11 . ; 

Pasay, RiKal Province, log of well at, 310. physical and cliemical properties ol, obi ; 

Pasig sand and gravel concrete, 106. free lime in, 307 ; seasoning of, 01 G ; 

Pecten Javaims ( ?> Mart., 328 ; P. leopardus seasoning of clinkers ol, R)o. 

(?), 328; P. reticulatus Reeve, 328; P, Potamides hcrklotai (.?} Mart., 02S ; P. 
senatorius GiiaeL, 32S ; P. subarcuatus (?) > paluslris biun., 32S. 

Btt" ! RofRry, characteristics of white clays in 

PeridStes'lTO 324 i manufacture of, ld8 ; e;sta,blislinuMit of 

p;trographV. 153. i 

Petrolexim, clmracteristics of Tayabas, T;! Wins iu niamilacluro ol, 1-M ; niaiiuln.ot.uro 

of tbe Philippine Islands. S33 ; reflned oil ; of sla-fcd, 14« ; Philiiipinn, 143 ; primitive, 

of, G ; report an crude, 1 ; Tayabas, 1 ; i 143. 

unsatnraied hydrocarbons present in crude, Power, cost of, in munufacturo ol papei' 

i pulp, 246. 

I PRATT, WALLACE E. Bos Apams, GRonciM 
i I., 143. 


Philippine copper, 331. ! RRAU't,^ vv r.. 

Philippine dyes and coloring matters, 439 ; j I., 143. 

principal natural, 439 ; natural, used j Psammobid tenuis Desln, 328. 
locally, 439 ; uses of, 439. j Pterocarpus santalinus L., f., 448. 

PhiVforthip oofiential oils. IV. 257. ] Pteropsis (?) bullata bmith, 328. 


locally, 439 ; uses of, 439. ^ 

Philippine essential oils, IV, 257. 

Philippine fibers, 233. 

Philippine ginger, 259. 

Philippine gold, 330. 

Philippine hogs, 33. 

Philippine Islands, concrete construction in, 
117 ; cordilleras of, 311 ; coastal plains 
of, 308; essential features of geology of, 
307 ; geologic history of, 326 ; inter- 
montane plains of, 309 ; list of fossils 
of, 328 ; list of more important works 
on geology of, 337 ; location of, 307 ; 
metals of, 830 ; nonmetals of, 332 ; petrog- 
raphy of, 319 ; physiography of, 307 ; 
soils of, 334 ; stratigraphy of, 3i4 ; vol- 
canoes of, 312. 

Philippine paper making materials, 252. 

Philippine pottery. 143. 

Philippine silver, 331. 

Philippine soils, 334-336. 

Phenol, absorption band in, 423 ; pure, not 


: Pterospermum niveura Vick, 445, 447, 
I Pygeum preslii Mnrr., 445. 

Pyroxene andesite, 155, 320. 

' Pyroxenito, 323. 

I . <i 

I Quartz diorites, 169, 322. 

I Quercitron bark, a natural dye, 439. 


Radioactive phenomena in the Philippines, 
267. 

Radioactivity, of atrnosiihere, 273. 
Radiolaria, 326. 

Ramie, or China grass, imported, used in 
manufacture of Philippine textiles, 439. 
Ranella nobiUs Reeve, 328 ; E. spinosa Lam., 
328 ; R. subgranosa Beck., 32S. 
Reconnaissance, geological, of southwestern 
Luzon, 67. 


affected by sunlight, 419 ; will not react Bed coloration of aniline. 9. 


. with x'alcium. oxide, 371. 

' , 'Ph<js* aentninatus Mart., 328. ' 

. I^hosphate in^ Ilocos Norte, 333. 

'' ;pfa^ical ' and 'Chemical properties hf Port- 
land cement, 367. 

Physiographic regions, of southwestern Lu- 
zon 59. % 

Physiography, of Mindanao and Sulu, 345 > 
of Philippine Archipelago, SOT. 

JpipUB d^gimiara^ 173; P, insulaiis Bnd., 
229; P* heterophyJla (Ell.) Sudworth, 
/ ' ' ; r, phlustrih 2^- 

1 ^ If in Idandla copai* , 

I ®hi% tiped o? 

489. ' , .Jt ^ 

M m ! 




REIBLING, W. 0., Concrete Construction In 
Manila and the Philippine Islands, 117 ; 
Physical and Chemical Properties of Port- 
land Cement, 367. 

Reunion 0118/256. 

Reviews (book) : 

Bartley, Elias H. ; Text-Book <»£ Medical 
and Pharmaceutical Chomiatry, 305. 
Ohesneau M. G. : Theoretical Principles 
. of the Methods of Analytical Chemis- 
try Based upon Chemical Reactions, 
305.', 

Franklin and MacNutt : Light and 

Bound;. 55.''".; 

I^jBfmann, Henry, and Davis. W. A., 

, Allen's Commercial Organic Analysis, 

' Vol. I and II, 365-366. 

Albert : An Introduction 
. ‘/i Analysis lor students of 

Pharmacy and Dentistry, 

■ -fl.' %'W 897- 
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E-liodamiiie, a coal-tar color,* 440. 

RICHMOND, GEORGE F., Manila Copal, 
177; Philippine Fibers and Fibrous Sub- 
stances : Tlieir Suitability for Paper 
Making-, 233 ; Tayabas Petroleum, 1. 

Rivers, small, of Mindanao, 349. 

Rock, basaltic, from La Laguna, 140. 

Rocks, igneous, of the Pliilippines, 155 ; of 
the volcanic mountains, 155. 

Rostellarea javana Mart., 32S- 

Rye whiskey, 23. 


Safflower, 442. ! 

Sahiig-Tagum system, in Mindanao, 349. : 

Salt, found in Philippine Islands, 333 ; in ; 

southwestern Luzon, 112. 

Saits, uranium, as a chemical photometer, i 
2S1. : 

Salty springs, in Mountain Province, Luzon, ' 
333. ; 

Sand, used in concrete construction, IIS ; I 
in southwestern Luzon, 111, j 

Sandstones and conglomerates, 325. ‘ 

Sandstones of southwestern Luzon, 79. 

Sappan wood, 447, ! 

Schists, of southwestern Luzon, 75. i 

Schizotachyum mucronatum Hack., 237. | 

Scotch whiskey, 23. 

Sedimentaries, of southwestern Luzon, 66, 
Sedimentary rocks, 324. 

Semele (?) dalli Smith, 32S. 

Septaria arenaria Lam., 328. 

Shales, of southwestern Luzon, 79. 

Shales and clays, 325. 

Shore features of Mindanao, 359. 

Sihul springs, mineral waters of, 334. 

Silk, used in manufacture of Philippine 
textiles, 439. 

Silver, in the Philippine Islands, 331. 
Sintered lime, 383. 

Sisiman andesite, 109. 

Sisiman rock concrete, 124. 

Small rivers, of Mindanao, 349, 

SMITH, WARREN D., The Essential Feature 
of the Geology of the Philippine Islands, 
307 ; Geologic Reconnaissance of Minda- 
nao and Sulu: II. Physiography, 346. 

'Soils, of the Philippine Islands,, 334 ; classifi- 
catibn of, 334, 
p'liecificb-tions, concrete, 135. 

Stephanocoenia sp., 328, 

Stone, Guadalupe and Meycauayan, in south- 
western Luzon, 109. 

StratigTcaphy, of the Philippine Islands, 314, 


Syenite, 324. 

Synthetic dyes, 440 ; action oz light on 
natural ai:d, 440. 

Synthetic oils, 263. 

T 

Taal Lake, origin of, 101. 

Taal volcano, 64, 313 ; origin and age of, 
314. 

Tagelus eoartatus Gmeliii, 829 ; T. corihsus 
, (?) Lam., 329, 

I Tannin, 445, 

; Tapes iobooensis Smith, 329. 

Tapioca and coconuts, chief products of Jolo, 
.361. 

Tariac sand, 120. 

Tayabos oil seeps, 333. 

Tayabas petroleum, 1, 

Tellina piicata (?) Yalene, 329. 

Teridina annulata (?) Bttg., 329. 

Terrainalia niteus PresL, 445 ; T. catappa L., 

! 445. 

Terpenes, Philippine, 257. 

, Terraces, of Mindanao, S59. 

I Tertiary limestones, of southwestern Luzon, 

; T9. 

j Thespesia lamnas D. & G., 443. 
j Tiruray tableland, 352. 

■ Toddalia aculeata Pexs., 442. 

I Tree, the almaciga, 173. 

i Tritonidia ventrieo.?a Mart., 329. 

1 Trochus sp., 329. 

' Tropical sunlight, apparatus used in ex- 
periments on, 267 ; preliminary study of, 
etc., 267. 

■ Tufaceous foraminiferai marls, of Bouth- 
I western Luzon, 71. 

* Tuff formation, of southwestern Luzon, 95. 
Tuffs, 325. 

; Tumaga River, in Mindanao, 350. 

; Turbo borneensis Bttg., 329 ; T, nivosiis 
! Reeve, 329. 

, Turicula jonkeri Mart., 329, 

! Turmeric, a yellow color, 442 : ' not exported 
j from Philippines, 442 ; value of importa- 
i tions of, into United States in 1907, 442. 

I Turpentine, and rosin, preparation of, from 
I resin ot Finns imiilaris Bndl., 229. 
j Turritella cingulifera Sow., 329 ; T. terefora 
I Lam.. 329, 


1 Ultra-violet light, ionizes gases. 269. 
Ultra-violet spectrum, rays of, absorbed by 


Stromhus javanus Mart. var. semperi Sm., \ oxalic acid solutions, 2 S3. 


329. 


Uraniuia salts, .as' 
281, 


a ehemical photometer » 


Sulphur, in the PtdHppine Islands, 333, 

Snip, geolog^e 345 ;.tu1- 

cani^^iiii; * i i . I 

,Shn actjhto of* 202.,., .. . . d. ' . . f Valley of tha River, 

Sunlight. m jWarnish, cookie ft 193; manutactwe of 

mixturoy Ihto* 363^ oIe<iraaiaou^ WL , 

Marti' 3^-5 


..4 



copal t tlttlfi tat Sisi., 

"" ‘ 
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VIVENCIO DEE ROSARIO, MARIANO, On 
the Determination of Aldehydes in Dis- 
tilled Liquors, 29. 

Volcanoes, extinct, of southwestern Luzon, 
SG ; of Mindanao, 35S ; of Philippine Is- 
lands, 312 ; distinct types of, 313 ; Mount 
Mayon, ,313 ; -Mount Mariyeles, 313 ; Taal, 
313. 

,Voliita pellis serpentis (?) Linn., 329. 

w 

Well, lo,s of, at Pasay, Rizal Province, 310. 

Wild hogs, 33. 


Whisky : Rye, bourbon, and Scottdi, 23. 
White clays, characteristics of, in manu- 
facture of pottery, 11 S. 

X 

Xylocarpnw obovntus Juss., 4-15. 

Ii" 

Ylang-ylong oil, 205. 

Z 

Zamhoanga peninsula, 353. 
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